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Preface 


This manual contains descriptions of: 


1. Central processing unit (cPU) instructions for the 


_ 18M 1410 Data Processing System. 

2. Three special features (accelerator, priority, and 
program addressable oo to the 1BM 141] Processing 
Unit. 

The IBM 1411 Input-Output Operations, Customer 


Engineering Manual of Instruction, Form 223-2692, 
contains information on the overlap special feature and 


input-output instructions for the 1M 1410 system. 
‘To supplement descriptions in this manual, examples 

are employed when necessary, and circuit controls, 

data flow charts, and timing charts are included. Be- 


cause several instructions have similar functions and — 
are executed in nearly the same manner, a timing chart _ 


for each instruction is not included, and instruction 
descriptions are not equally detailed. A chart in the 
“Appendix” lists information contained on each instruc- 
tion. To fully understand the actions that the cpu per- 
forms when executing each instruction, this manual 
must be used with IBM 1410 System Fundamentals, 


Customer Engineering Instruction-Reference Manual, — 


Form 223-2589. 
This manual obsoletes: 

1. Pages 80 through 137 and 459 eodaly: 463 in I BM 
1410 Data Processing System, Customer Engineering 
_ Manual of Instruction, Form 225-6549-1, 

2. IBM 1410 Data Processing System, CPU Instruc- 


tion Material, Customer Engineering Manual of In- 


struction, Form R23-2587-1. 


3. IBM 1411 Processing Unit Instructions aa Spécial 


Features, Customer Engineering Instruction-Reference 
Manual (Preliminary Edition), Form R23-2698. — 


Copies of this and other IBM publications can be obtained through 18m Branch Offices. 


Address comments concerning the contents of this publication to: 


IBM Corporation, Customer Engineering Manuals, Dept. B96, PO Box 390, unanaae N, Y. 
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The sw 1410 Data Processing System uses stored pro- 


- gram instructions to initiate all system operations. The 
format. and contents of each instruction indicate the — 
operation to be performed and, if required, the storage 


locations of data to _ processed in the operation. 


Instruction Formats _ 
The basic 1410 instruction. form is divided into four 
parts — the operation code, the A-.or I-address or X- 
control field, the B-address, and a d-character. Because 
1410 instructions are of variable length instruction 
form, instruction lengths can vary from one to twelve 


_ positions, Each instruction in a 1410 program must con- 


tain an operation code, However, the instruction may 
or may not contain other instruction parts as deter- 
mined by the format requirements fer that particular 
instruction, The following example shows the basic 
format for a typical 1410 instruction. _ 


A: OR J-ADDRESS OR 
OPERATION Cope X- -CONTROL FIELD B-ADDRESS a “CHARACTER 
aaaaa or iliif or xxx  bhbbb 


Each of the four parts in the basic 1410 instruction 
form designates information that the central precess- 


ing unit (cru) requires ta perform an operation. An 


explanation of each instruction part follows: 
1. The operation code (op code) is always a single 


character that specifies the basic machine operation to 


be performed, A word mark must be set over the oper- 
ation code if the instruction is te be executed. 

2, An instruction can contain either an A-address, 
I-address, or X-contrel field, but only one of the three. 


The A-address is always five characters and designates 


the lecation of A-field data in storage. The I-address 
is always five characters and specifies the address of 


_an instruction in storage. The X-control fleld contains 


only three characters and is used only for input-output 
(1-0) operations, — 


9, The B-address is always five alaaced and desig: | 
nates the location of B-field data in storage. | 
4, The d-character is a single character at the end 


of the instruction used to establish a condition (or 
conditions) under which the cpu must perform the 
operation. == 

The 1m 1410 bas a semiential method of program 
execution; thus, instruction 2 fellows instruction 1, and 
so on, unless special circumstances during processing 
cause the cpu to alter the sequential execution of 
instructions. | 7 


(3410 Instructions 


Each instruction must have a word mark set ever 
the op code, and must net contain word marks in any 
other position, Also, a word mark must be set in the 


 eere storage location immediately to the right of the 

last character of an instruction; this is normally: the — 

werd mark asseciated with the op code of the next 
: sequential instruction, 


Instruction length checking is noorponted in the 


- system to insure that each instruction read contains 
a valid number of characters for the eperation code 


specified, 
Valid instruction words vary in length from one to 


_ twelve characters depending on the ameunt of infor- 
mation required for the operation. The general in- 
_ struetion ferm consists of a single-character operation 


eode fellowed by one or two five-character addresses, 


er a three-character input-output Operation specifiea- 


tion (X-contrel field), and in some eases, a single- 


_ character operation modifier. Valid instruction werd 


lengths are; 
oO | = 1 position 
Od = 4 positions 
Oxxd = § positions 
O aaaaa = 6 positions 
 Oaaaaad = T positions 
-  Oxxxbbbbbd = 10 positions 
@aaaaabbbbb = 11 positions 


© aaaaa bbbbb d = 12 positions | 
The to) dectilie: an operation eode. The five a’s specify 
the five-eharacter address of the A-field. The five b’s 
specify the five-character address of the B-field, The 
three x's specify the x-control field, and the d specifies 


_ an operation modifier, Figure 1 list se a lengths 
for, ica instructions, ‘, 7 : 


, ee siden and Execution 


A program step (an instruction ) is read out of storage | 
and decoded, and executed in twe phases, instruction 


_ phase and execute phase, 


Instruction Phase 


During instruction phase, called instruction read-out 
time, the instruction is read out ef eore storage, Por- 
tions of the instruction are stored in various registers 
in the epu; fer example, the op code is stored in the 
operation register, addresses in the address registers, 
and the d-character in the operation modifier register. 
One storage cycle must be executed to read each 
character out of storage. Therefore, the number of 
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Acceptable 
Instruction 
Length 


ae , : 2% 
Instruction - ‘Function . 


Add 
Subtract 
Zero and Add 
Zero and Subtract 
Multiply 
Divide 
» Move Data 
Move Characters and Suppress Zeros 
Edit 
Compare 
Table Lookup 
Unconditional Branch 
Test and Branch 
Branch if 1-O Channel Status Indicator On (Ch 1) 
Branch if 1-O Channel Status Indicator On (Ch 2) 
Branch if Character Equal 
Branch if Bit Equal 
Branch on Word Mark and/or Zone Equal 
Store Address Register 
Set Word Marks 
Clear Word Marks 
Clear Storage 
Clear Storage and Branch 
Halt 
Halt and Branch 
No Operation 


ode oe eed eel eed eee ee eee eed ee «ced 


RROAANABDANNNNARAAA A AAA AO O&O 


Ov 


Q : | | 
Figure 1. Acceptable Lengths for 1410 CPU Instructions 


storage cycles required during instruction phase is 
equal to the number of characters in the instruction. 

Each character position in the instruction has a 
designated significance. The op code must be the first 
character in the instruction; the d-character must 
occupy the last position in the instruction; the A- 
address must be in the first five positions after the 
op code, etc. Because characters in the instruction are 
read from core storage one at a time, the I-ring ad- 
vances to indicate the character being processed at 
_ the beginning of each storage cycle during instruction 
phase. The I-ring consists of 13 triggers labeled I-ring 
op, and I-ring 1 through I-ring 12. The op code and 
the length of the instruction determine the point to 
which the IJ-ring advances during instruction phase. 
Times between I-ring advances during instruction 
phase are called I-cycles. Figure 2 shows the manner 
in which the instruction move data (D aaaaa bbbbb d) 
is processed in instruction phase. 


Instruction Cycles 


P ; 
Op AAR BAR ae Op code 
Reg Mode _ innext 
Reg sequen- 
tial Inst 


Figure 2. CPU Action in Instruction Phase for Data 
Move Instruction 


During the first I-cycle, the I-ring is set to I-ring 
op, and the op code character is processed from core 
storage to the operation register. The single-character 
op code for each instruction conditions “common op 
code grouping” lines that: : 


1. Establish requirements for the length and con- 
tents of the instruction. 


2. Condition checking circuits to determine whether 


the length and contents of the instruction are 


acceptable. 


3. Condition and control circuit actions in the ex- 
ecution of the designated operation. 

Figure 3 lists operation codes and their correspond- 
ing “common op code grouping” lines. 

The 1410 System Fundamentals and 1411 Functional 
Units, Customer Engineering Instruction-Reference 


Manual contains more detailed information on instruc- _ 


tion read-out operation. 


Execute Phase 


At the completion-of instruction phase, the cpu is con- 


ditioned to perform the designated instruction during | 


execute phase. The length and complexity of execute 
phase is determined by the operation to be performed. 


In execute phase, the cru takes a combination or series | 


of A-, B-, C-, D-, E-, and/or F-cycles to read characters 
out of core storage (only one character is read out 
per cycle) and perform a step in the designated ‘oper- 


ation. The length of each cycle varies from 4.5 to 7.5 


microseconds (or from 4.0 to 6.67 microseconds with 
the accelerator feature). 


Characters are eernoved from storage in either as- 


cending or descending order of core storage addresses. 


When the second scan latch is set, characters are un- 
loaded from the low-order storage position to the high- 
order storage position or from the high-order position 
of the field to the low-order position of the field; un- 
loading storage ‘characters in this manner is called 
reverse scanning. An example of reverse scanning 
follows: 


Assume that the field 93487 is located in storage | 


positions 00100 through 00104; the high-order digit in 
the field (9) is stored in position 00100; the low-order 
digit in the field (7) is stored in position 00104. If the 
field is reverse scanned (second scan latch on), the 
9 reads out first, the 3 second, and the 7 last. When 


the first or third scan latch is set, characters are un- 


loaded from the high-order storage position to the 
low-order storage position or from the low-order posi- 
tion of the field to the high-order position of the field; 
unloading characters from storage in this manner is 
called forward scanning. An example of forward scan- 
ning follows: : | 


sani 


Z ae 


a. 


COMMON CECE TAF | tet SIA) (ele Ue eel a eels 
i a ee ee ee Lee 
icles xX 
Read-Out | Not Percent Type Op Codes |X | X[X| X| X| X| X]X] xX] X[X[ xX] xX[ XIX] [X}x[x]xX] x] [xX] | | | | | 
rueenioneie ee el echoed ete tele 
Aaa Ope [ee dx ele ie ele [ce edi 
eee Se eee Cee 
yaad Ne Mod Op Codes RITE XRD De EE CCL 
| paarianeioe eT opie mao cio ixbxel 1s 
| Takata Op Coder pe xl xl x] xx xk bee eT bd De Dx eT 
hd Type Op Codes x [xx] xxx] x] x] x x eT xT XD TTX DTTP TT] 
Iso 7" 6 lO Ga Gl ll a 
Pocubocas A ei ee 
[Ne C ord Gy Op cole LI Leb ble pe CC 
CaeBevatnegeae Ix ixeX cml xia wield xix tea ee tc 
Pree See EEE CECE Ee 
are ere ie —hfst +H 
iesaogese: SIC a eich inca 
eee cae Is ee ei oe nee ia. 
Lo ae Ce eee See ees Bee 
amiecce: hike one ic) eo 
Teeter eee ema esc 
eo 60 ds 9G OO LE 
a 
nemeenoocaao  fulnlalein ixiateie fee betel it ibe 
woe Phorm rl ree see aos 
pe — Pee EE 
ae tata te tH tat | 
KG Fiat Op Cader PRIX DXDT eR CCE CLC 
TC eeGneet Sei ORI mise aac ele 
lencpnnioneae =< Ic nde Wie eo i eile 
Cae to Ch Onb Gy Ow Xe XRT] TREE CLE PLL 
Oped AG OB OT TTT TLL eet LLL Re CLR 
al ten On G Op Cole FETMETEDERDTE TCL LE CEL 
Rgen Men On B Gy Op Codes TT TTT TL beet et Deeb ee 
Ee ararGG car mn wer imix wer ic 
SipttmeGoe TTP CE CLCL ER TEED BEL EEeLELL 
[| Stop at JonBCy OpCodes |x {x| | |[x{xixix} | | | | | | | txt | | | d Td TdT TdT TT 
etn Osenb oe x eee oi 
CRSA AROnA Cy Ow eX Dx Lee CELL 


* Nota Line Name,a Grouping Only. 


Figure 3. 1410 Common Op-Code Grouping Lines (13.14.01-14) 


Assume that the field 93487 is located in storage 
positions 00100 through 00104; the high-order digit in 
the field (9) is stored in position 00100; the low-order 
digit in the field (7) is stored in position 00104. If the 
field is forward scanned (the first or third scan latch 
on), the 7 reads out first, the 8 second, and the 9 last. 

At the completion of execute phase, the cpu normally 
returns to instruction phase to read out the next in- 
struction. cpu actions during execute phase are de- 
scribed for specific operations in other sections of 
this manual. 


eo 


Questions on 1410 Instruction Formats and Decoding 


Answers to these review questions are in the Appendix. » 


# Indicates Accelerator Feature Timing. 


1. List the four parts into which the following 1410 
instruction can be divided: B 09000 08000 M 


2. What instructions contain X-control fields? — 


3. Does any 1410 instruction contain both an A- and 
I-address or both an X-control field and an A- or 
I-addressP aa 


4. Over what position in the instruction must a 
word mark be setP — | 


5. What purpose does the I-ring serve during in- 
struction phase? | 


6. Are common op code grouping lines conditioned 
during instruction phase or execute phase? 


1410 Instructions 7 


_ Arithmetic Instructions — 


The add, subtract, zero and add, zero and subtract, 
multiply, and divide instructions are used to perform 
arithmetic operations in the 1m 1410 Data Processing 
System. The use of add-to-storage logic in the system 
eliminates the need for special purpose accumulators 
or counters. Because any group of storage positions 
can be used as an accumulating field, the capacity for 
arithmetic functions is not limited by a predetermined 
. number of counter positions. 

All arithmetic functions are performed under com- 
plete algebraic sign control. The combination of zone 
. bits in the units position of the fields that the arith- 
metic instruction specifies determines the sign of the 
factor. Figure 4 shows the four possible combinations 
of zone bits and the values of the signs they represent. 
The standard machine method of signing a field is to 


indicate a positive factor with both A- and B-bits; a 


B-bit represents a negative factor. 


} BCD Code Bit Configuration Card Code Configuration 


No A- or B-Bit 
A~ and B-Bits 
B-Bit Only 
A-Bit Only 


Figure 4, Bit Equivalents for Signs 


The arithmetic operations in the 1M 1410 are per- 
formed by using one of two types of add scans in- 
corporated in the system. The two types-of add scans 
“are: true add and complement add. The type of add 


scan performed is determined by the arithmetic oper- — 


ation and the signs of the factors involved. In an al- 
gebraic subtract, recall that the sign of the subtrahend 
_ (A-field) is changed and added to the minuend (B- 
field). The sign of the result is the sign of the greater 
value only after the A-field is considered to have been 
changed. 

In all arithmetic operations, the presence of charac- 
ters represented by the card codes of blank, 8-3, 8-4, 
8-5, 8-6, and 8-7 in the numeric portion of a field are 
treated as 0, 3, 4, 5, 6, and 7, respectively. | 

If the result in an arithmetic operation exceeds the 
B-field limit imposed by the B-field word mark, the 
carry is lost, and the arithmetic overflow indicator 
turns on. The test and branch instruction, j(1)z, tests 
and turns off the arithmetic overflow indicator. 

If the result of any add, subtract, multiply, zero and 
add, or zero and subtract operation is zero, the zero 
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balance indicator turns on. The next add, subtract, 
roultiply, zero and add, or zero and subtract instruc- 


tion, that does not result in a zero balance, turns off 


the zero balance indicator. 


Add aad Subtract Instructions 


Instruction Formats 
Formats for the add and subtract castuictions are: 
| Op cope A-ADDRESS _ B-ADPRESS 
. A (add) XXXXX XXXXX 
A (add) © | XXXXX 
> (subtract) — XXXXX XXXXX 
: (subtract ) XXXXX 


> (subtract ) 


If the add or subtract instruction specifies two ad- 
dresses (A or S xxxxx xxxxx), the numeric data in the 
A-field is algebraically added to (add operation) or sub- 
tracted from (subtract operation) the numeric data in 
the B-field. The result is stored in true form in the 
B-field. Except for the sign position which may be 
changed, B-field zone bits are undisturbed. A-field zone 
bits are ignored in all other positions except the sign 
position. A B-field word mark stops the operation and 
must be set over the high-order position of that field. 
If the A-field is shorter than the B-field, it, too, must 
have a defining word mark to stop transmission of 
data from the A-field to the B-field. When the A-field 
is shorter than the B-field, the system automatically 
adds zeros to (add operation) or subtracts zeros from 


(subtract operation) the extra high-order positions of 


the B-field until a B-field word mark is detected. If 
the A-field is longer than the B-field, the high-order 
positions of the A-field, that exceed the limits imposed 
by the B-field word marks, are not processed. 


If the add or subtract instruction has only an A- 


address (A or S xxxxx), the A-field is added to (add 
operation) or subtracted from (subtract operation) 
itself. The result is stored in the A-field. Add oper- 


ations in which the instructions designate only one 


field are always executed with true add cycles and 
the sign bit configurations of the results are always 
the same as the original sign of the A-field. When the 
subtract instruction designates only one field, the 
numeric portion of the A-field is always 0 after the 
operation, but zones in the A-field remain unchanged; 
the A-field sign bit configuration is the same as it was 
before the operation. 


Be Ps 


la 


If the add or subtract instruction does not designate 
an A- or B-address (no address chaining), the con- 
tents of the aar from the previous operation specify 
the A-field, and the contents of the Bar specify the 
B-field in the add or subtract operation. The operation 
is executed in the manner described for two address 


add and subtract instructions. 


CPU Operation : 

During last instruction read-out cycle, the units con- 
trol, first scan control, and A-cycle control latches are 
set to initiate the first cycle (A-cycle) of the add or 
subtract operation. In the first A-cycle, the units posi- 
tion of the A-field reads out of storage and is gated to 


the A-data register. The operation (op) modifier regis- 


ter is gated to the A- and assembly channels on A-cycles 
to satisfy the validity check circuits. 

During the subsequent B-cycle, the units position 
of the B-field reads out of storage onto the B-channel, 
and the A-field character in the A-data register is 
gated to the A-channel. The signs of the A- and B- 
channel characters are analyzed to determine whether 


the A-field should be true or complement added to 


the B-field. The first B-cycle is one logic gate longer 
than other B-cycles in the operation to allow time to 


condition the true or complement add controls. 


Whether the system executes a true or complement 
add scan is determined by the number of minus signs 


in the factors and the type of operation being per- 


formed (Figure 5). 


“Type of | A-Fleld| B-Field| [ae | 
Operation | Sign Sign | Type of Add Cycle} Sign of Result 


re: = 


| = | Complement Add 


os —~] Sign of greater value 
+ {c Sonponen! Add 


T= eae 


the binary portions of the A- and B-channel digits on 
the next B-cycle. | 
The A- and B-channel Supacena are added or sub- 


tracted until an A- or B-channel word mark is sensed, 


If an A-channel word mark is detected before a B- 
channel word mark is sensed, indicating that the B-field 
is longer than the A-field, the extension latch is set 
and a series of B-cycles are executed until the oper- 
ation is complete (B-field word mark). Remaining 
characters in the B-field are combined with zeros on 
true add or nines on complement ad scans. The 0 


or 9 is inserted directly on the A-channel input to 
the adder. 


If a B-channel word ey is sensed before an A- 


channel word mark is detected, indicating that the 


A-field is longer than the B-field, other A-field charac- 
ters are not processed. The following example illus- 
trates this action: | | 
ADD +1099 (A-field) + +100(B-feld) = +1199 
A-field | 1099 
‘B-field Too 
B-field after add operation is ania High- Too 
order digit (1) in A-field is not prccees 
B-field answer is incorrect. 
When there is an adder carry from the high-order 
position on a complement add scan, the add or sub- 
tract operation ends when a B-channel word mark is 


_ sensed as shown in the following example: 


ADD -17 (A-field) + +900 (B-field) = +883. 
Because the A-field sign is negative and the | 
B-field sign is positive, the A-field must be 
complement added to the B-field. | 
Complement of A-field 982. 
B-field 900 
Carry latch is always on for units position of 
complement add ; val 
B-field after add operation is complete. §83 + carry 
When the B-channel word mark is sensed, the , 
add operation ends and the carry is lost. The 
operation shown is correct. 


aieteaee An adder carry from the high-order position on a 
ont oe ee eee true add scan signifies an overflow and sets the arith- 


Complement Add | Sign of greater value 


> 


SUBTRACT | (after A-field sign is 


‘Complement Add changed as a result of 


sp Riad es | the subtract instruction) 


Figure 5. Types of Add Cycles and Sten of Result for - 


Add and Subtract Operations 


Numeric bits in the A- and Behanil characters are 
added in the adder unit. The adder output feeds the 


assembly unit where B-channel zones and word mark 


and adder numerics are combined. The character is 
than sent to the B-field location in storage. If there 
is an adder carry and no A- or B-channel word mark, 
the carry latch is set and combined with the sum of 


metic overflow latch. Study the following example: 


ADD +99 (A-field) + .+90 (B-field) = 189 
A-field 99 
B-field | | | : 90 


B-field after add operation is complete. Arith- 89 
metic overflow latch is set. B- field answer is 
incorrect. 

Because the iawcoice: position of the next 

field was read out of storage on the last 
B-cycle of the operation, the digit written in 
storage on the last B-cycle is not known. The 
original B-field should have contained three 
positions: (090). — 


When the stored result is in.complement form, as 
indicated by no adder carry from the high-order posi- 
tion on a complement add scan, the characters in the 


Arithmetic Instructions 9 


B-field must be converted to true form and the B-field 
sign changed. The following example illustrates this 
action: 


ADD —18 (A-field) + +012 (B-field) = —006 
Complement of A-field 981 
B-field 012 


Carry latch is always on for units position 
of complement add 


B-field after complement add scan. 994 


The B-field result is in complement form. No 
adder carry from the high-order position ini- 
tiates another forward scan by setting the 
third scan latch. The B-field is converted to 
true form and added to zeros inserted on the 
A-channel input to the adder. The B-field sign 
is inverted. 


ph 


B-field after complement add scan +994 


Vv 
Recomplement B-field, and change B-field sign -—005 
Insert zeros on A-channel input to the adder 000 
Carry latch is always on for units position of 
complement add il 


B-field at the end of the add operation. The — 606 
B-field answer is correct. 


Figures 6 and 7 show diagrammed explanations of 
cpu operation in the execution of the add and sub- 
tract instructions. 

The following controls are active when the cpu per- 
forms the add and subtract operations: 

1. Initiate A-cycle and read out first A-field character. 


SIGNAL CONTROL Locic 
Set A Cy Ctrl A Cycle First Op Codes 12.12.41 
Last Insn RO Cycle 
A Cy Ctrl Set A Cy Ctrl, Next 12.12.20 
to Last LG 
A Cy A Cy Ctrl, LGB 12.12.01 
RO AAR A Cy Ctrl, LG Special A 14.71.30 
Read-out AAR on A Cy Ops. 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
2. Set modifier controls to —1. 
Set Ist Scan Ctrl . Ist Scan First Op Code 12.30.05 
Last Insn RO Cy 
lst Scan Ctr] Lat Set Ist Scan Ctrl, Next 12.30.03 
to Last LG 
Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Set to -—1 Ist Scan 14.71.41 
3. Set character into A-data register. 
Sw B Chto A Reg A Cy, LGD 15.38.01 
4. Control A-cycle length. 
Std A Cy Ops A Cy Add Type Op Codes, A Cy = 13.14.06 
Stop at F Std A Cy Ops A Cy 12.12.30 
5. Initiate B-cycle and read out first B-field 
character. 

Set B Cy Ctrl Std A Cy Ops A Cycle 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
to Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
Units Ctrl Latch Last Insn RO Cy, Next 16.30.02 
to Last LG 
Units Latch Units Ctrl Latch, LGC 16.30.02 
Regen Units + Body Std A Cy Ops A Cy 16.30.01 

Ctrl 
Units Ctrl Latch Regen Units + Body Ctrl, 16.30.02 


Next to LLG 
Units Latch 
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SIGNAL CONTROL Locic 
RO D AR * Arith Units Latch, B Cy Ctrl 16.41.01 
Arith Type Op Codes 

Set Mem AR Gated LGA, 2nd CP 14.17.16 
6. Regenerate modify controls. | 

Regen Ist Scan Ctrl Std A Cy Ops, A Cy 12.30.05 

Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 12.30.03 

Ist Scan Ist Scan Ctrl, LGC 12.30.01 

Addr Mod Setto —1 —_ Ist Scan 14.71.41 
7. Gate A-field character to A-channel. 

Gate A Data Reg to B Cy, A Reg to A Chon B 15.38.02 
A Ch Cy Ops 


8. Set true or complement controls according to type 
op code, A- and B-field signs. 


True Add B Ist Scan, Add or Subt Op 16.20.10 
Codes 
Start Compl Add 1 Ist Scan, Units Latch, B Cy 16.20.12 
Add Op Code, A Ch -, 
B Ch + 
Compl Latch Start Compl Add 1 16.20.15 


This step is the only difference between an add and subtract 
op code. 


9. On complement add set carry latch to correct 
units position. 


Carry Latch Start Comp! Add 1 16.20.21 
No carry latch is set if a Start True Add. 
10. Gate A-Channel to Adder. 
Adder A Ch Use T or C Units Latch, Ist Scan, B Cy 16.20.11 
Add Type Op Codes, 
Not 1401 
11. Gate adder output through the assembly to 
storage. 
Use Adder Nu B Cy, Add or Subt 16.40.02 
Use B Ch Zones Units, Ist Scan, B Cy, 16.40.01 
Add or Subt Op Codes 
Use B Ch WM B Cy, Arith Type Op Codes _—‘15.49.04 
Load Memory Load Mem on B Cy Op 12.50.01 
Codes 
B Cy 


12. If there is no A- or B-channel word marks, set 
the carry latch if there is a carry. 


RA + RS +A+S.B. Add Type Op Codes, B Cycle 16.20.03 
Not BW B Ch Not WM Bit 

Set Carry Latch RA + RS + S.B. Not 16.20.20 
BW Adder Carry 

Carry Ctrl Latch Set Carry Latch, Last LG 16.20.21 

Carry Latch Carry Ctrl Latch, LGC 16.20.21 


13. Take another A-cycle and read out next A-field 
character. 


RA + RS + A +S.1.B Add Type Op Codes, Ist Scan 16.20.03 


Not BW Not AW B Cy, A Ch Not WM, 

B Ch Not WM 

Set A Cy Ctrl * Arith RA + RS + A + S.LB. 16.42.01 
Not BW Not AW 

Set A Cy Ctrl Set A Cy Ctrl * Arith 12.12.41 

A Cy Ctrl Set A Cy Ctrl, Next 12.12.20 
to Last LG 

A Cy A Cy Ctrl, LGB 12.12.01 

RO AAR A Cy Ctrl, LG Special A 14.71.30 

Read out A AR on A Cy Ops 
Set Mem AR Gated LG, 2nd CP 


14. Regenerate modify controls. 


Regen Ist Scan Ctrl* RA +RS+A+S.B. Not BW 16.43.01 
Arith 


as 


f a 


Add or Subt Inst 


Set Units Latch  — 
16.30.02 
Set Body Latch Set Ist Scan Latch 
16.30.04 : 12.30.03 | 


Yes 


Is Therean A ChWM? 


Set Extension Latch 
16.30.06 


12.12.41 
14.71.30 


Take B Cycle 
12.12.44 


is the Ist or 
Ist 3rd Scan On? 
12.30.01-02 


Set True Add B Latch 
. 16.20.10 


Is the A Ch 
Plus or Minus ? 
16.16.01 


Is the Op Code 
Add or Subt? 


13.13.01 


Is the Op Code 
Add or Subt? 


13.13.01 


Is the B Ch 
Plus or Minus? . 
16.16.01 


Is the B Ch 
Pius or Minus? 
16.16.01 


Start True Add 
. 16.20.12 


Start Compl Add 
16.20.12 


Set a No Carry Latch 
16.20.22 


Set Carry Latch 
16.20.21 


See Adder Matrix in 


RO B Field Char 
16.41.01 | 


A Ch to Adder 


Gate A Ch to 


r Qui Bin Transl 


Set Units Latch 
“ 16.30.02 
Set 3rd Scan Latch 
oe 12.30.04 
_ Set Compl Add B 
16.20.10 


Set Carry Latch 
16.20.30 : 


The D AR is Used 
for Units PSN 


3rd 


Is the Units Latch On? 
16.13.02 


Regen True or 
Compl Add 
16.20.13 


Is the Body or 
Ext Latch On? 
16,30.04-.06 


fF Is this True or 
Compl Add ? 
16.20.14-.15 


Insert 0 on 
A Ch to Adder 
16.20.11 


Insert 9 on 


16.20.11 


16.20.11 


1410 System Funda- aia 
nentals CE Manual Transl B Ch to Qui Bin 
16.12,01-06. 
‘ Gate Adder Output Use Adder Nu B Ch 
~ . Thru Assem Zones B Ch WM 
16.40.01-02 | 


No_(1; There AB Ch WM? )-“2S 


Yes No 


Is There a Carry? 
16.13.07 


Set No Carry Latch 
16.20.22 


Set Carry Latch ~~ 
16.20.21 


Ist or 3rd: 
Scan Latch On? 


12.30.01-.02 
Regen 3rd Scan 
16.43.01 
| Regen Ist Scan 
| 16.43.01 


3rd Ist 


Figure 6. Add or Subtract 


. Ist or 3rd 
Scan Latch On? Yo 
12.30.01-.02 


Ist 


‘Is This a True 
or Compl Add? 


16.20.14-.16 


True 


Is There an 
Adder Carry? 
16.13.07 


Yes Is There an 
Adder Carry ? 
16.13.07 


End Add or Subt 
Start Inst RO 
16.42.02 


Set Arith Overflow 
16.45.02 
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SYNC 


Address Switches 00001 


LINE NAME 


1, LOGIC GATES 


2. | RING RESET 


3. FRING 


4. |RING ON ADV 
. PCYCLE CTRL 


mn 


| 6 ICYCLE 


7. RO. JAR 


8. SET STAR 


9, RESET IAR (INVERTED) 


10. SET OP REG: 
11. 1ST ADDRESS 


12. 2ND ADDRESS 


--/13. RESET AAR 
14, RESET BAR 
15, SET AAR 


16. SET BAR 1ST 


17. SET BAR 2ND 


18. INSN R,O, GATE 


19, SET AR T TH POS 


. 20. SET AR TH POS 
21, SET AR H POS 
22. SET AR T POS 
23. SET ARU POS 


24, SET STAR TO IAR 


25. LAST INSN 8.0. 


26. LOGIC GATES 
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LOGIC PAGE 


12.13.03 


12,143.03 
12,312.23 


12.12.04 


14.11.34 


14.17.16 


14.71.24 


12.13.04 
11.20.11 


11.20.11 


14.71.20 
14.71.20 
14.71.10 


14.71.11 


14.71.11 


11.10.07 


14.71.05 


14.71.04 
14.71.03 
14.71.02 
14.71.01 
14.71.24 


12.13.05 


TEST POINT 


VICTHOSL 


VICTKO9B 
VCICcCc 


VICTH22H 


V1CIC12H 


11B2G26A 


11¢1820C 


1iCIHO7C 
VICI SI6C 
VICVII6K 
11€1B820H 
11C1B05C 
VICTEOZE — 
11C1C22E 


11C1C22D 
11C2F04C 


11C1BOSA 


TICIBO4A 
11C1FO2A 
11C1B07A 


11C1B08A 


11C1B20A 


1ICIHI2ZG 


| ADDRESS =PROGRAM 


‘ 
aon o 
iz = 


= 
: 


Sea. See 


ADDRESS 


00100 
00200 


el] PereeELL] TTT UT PL fa 


aPrrebli tT tT tei tT tT PT ETT ire] 


hae 
. 
¥ 
- 
" 
= 
Z 
= 
: 
5 
= 
= 


ee. 


aa a 
SYNC 1 PROGRAM | DATA 
: : s . Se .v ‘ ; i 7 bos ee 
> | Address switches 00012 1 go001 40010000200 ? ~~ | 00099 {4 
Ce ee fe en | wo, + 00012 60050000200X ; 00198 836. 
a3 | 3 | 00024 Joooolb e 1 00498 836 
ALDLINE = ALD PAGE resreome | laa a F | Q FI ra 
1. LOGIC GATES ‘ ese cece os oR 


| 2. LAST INSN R.O. 49.93.05 1ICIHIZG 


_ UNITS CTRL L. 
. UNITS L. 
_ 1ST SCAN CTRL L. 


. 1ST SCAN L. 
. A CYCLE CTRL L. 


. RsO. AAR 
. ACYCLEL. 
<B CYCLE CTRL L. 


| R.O. DAR 


12.R.O. BAR 
. BCYCLEL. 


. TRUE ADD "B" 


_ ACH, USE T ORC 
. USE ADDER NU. 


_ USE B CH WM. 
. BODY CTRL L. 
BODY L. 

| CARRY CTRL L. 


. CARRY L. 


. NO CARRY CTRL L. 


. NO CARRY L. 
. EXTENSION CTRL L. 


_ EXTENSION L. 
; ACH INSERT.O 
_ LAST EXECUTE 


28. LOGIC GATES 


Figure 7B. Execute Phase of Add Operation 


16.30.02 


16.30.02 


12.30.03 


12.30.01 
12.12.20 
we 30 
12.12.01 


12.12.21 


16.41.01 


16.41.01 


12.12.02: 


16.20.10 


16.20.11 


16.14.02 


15.49.04 


16.30.04 


16.30.04 


16.20.21 


16.20.21 


16.20.22 


16.20.22 


16.30.06 


16.30.06 


16.20.11 


16.42.02 


TIC2E21A 


11C2D16A 


TICTF23L 


1ICIE26A.. 


TICTJ1OD 


1ICICIIG 


1IC1H20€ 


~11C1A04B 


11c1c12G | 


TICICTIH | 


<HCIHI7C 


11C2E12C 


TIC2E12L 


~ -11C2C13K 


~—11C3F24C 


11C2C23C 
11C2G05A 
‘ ah 9D 
11C2E23L 


11C€2D23D 


1EC2CT3A 
VIC2ZC16C 


1HHC2D16C 


11 C2HO9F 


11C2B04D 
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Locic 


A Sica CONTROL 
fe = * Regen Ist Scan Ctrl Regen Ist Scan Ctrl * rea _ 12.30.05 
“. “1st Scan Ctrl Latch Regen Ist Scan Ctrl, Next 12.30.03 . 
| : to Last LG oo ee 
Ist Scan _ Ast Scan Ctrl Lat, LGC 12.30.01 - 
Addr Mod Set. to —1 Ist Scan 14.71.41 © 


15, Take another, ; 


character. z 
Set B Cy Ctrl Std rn Cy Ops A Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Last LG | 12.12.21 
B Cy B Cy Ctrl, LGB - 12.12.02 
Set Body Ctrl Latch RA + RS +A+S1.B. = 16.30.01 
, _ Not. BW Not AW | = a 
~ Body Ctrl Latch _ Set Body Ctrl Latch, Next 16.30.04 
) to Last LG* | : 4 
Body Latch _ Body Ctrl Latch, LGC 16.30.04 
_ ROB AR * Arith -B Cy Ctrl, Body Ctrl Latch 16.30.04 
:  BCy Ctrl, Body Ctrl Latch 16.41.01 


Arith Type Op Codes 
If there was an A-channel word mark, the extension latch 
is set on instead of the body latch. 


16. During the extension, the adder receives a 0 or 9. 


A + S.B.1.S.X A + S.B. Cy, Ist Scan, Compl 16.20.05 | 
a Latch, Extension Lath = 
A Ch Insert +9 A + S.B.1.S.X 16.20.11 
RA + RS + A+ True Latch, Extension Latch, 16.20.03 
S.1.B.T.X Add Type Op Code, Ist 
iy oe Scan, B Cy 
A Ch Insert +0 RA + RS +A + SIBTX 16.20.11 


17. A B-channel word mark stops the operation ex- 


cept on complement add with no carry. 


A+ S.B.LS.BW. Adder No Carry, B Ch WM ~ 16.20.05 
Not RC . Bit = % a 
a | A + S.B. Cy, Ist Scan, _ , 
. Compl Latch | =e 
Set B Cy Ctrl * Arith © A + S.B.LS. BW. Not RC 16.42.01 


Beye, and read out next B-field. - channel word mark is sensed? 


ae 


> Set B Cycle Control * Arithmetic causes another B-cycle dur- 


ing which the B- field is converted to true form. 

18. Set up the controls to complement add the 
B- field to ZerOs inserted into the adder on the A-field 
side. | 


- Set Units Ctrl Latch: A + S.BIS. BW. Not RC 16.30.01 


Units Ctrl Latch ~ Set Units Ctrl Latch, Next 16.30.02 
to Last LG | | : 
| Units Latch _ Units Ctrl Latch, LG.C 16.30.02 ° 
Set 3rd Scan Ctrl A + S.B.1.S. BW. Not RC 16.43.01 . 
3rd Scan Ctrl Set 3rd Scan Ctrl, Next 12.30.04 
| to Last LG ms 
~ 8rd Scan 3rd Scan Ctrl, LGC _ 12.30.02 © 
- Compl Add B . 3rd Scan, Add Type Op 16.20.10 
— ‘Codes Mi 
A Ch Insert +0 3rd Scan, B Cy, Add Type 16.20.11 - 
. Op Codes | ee 
19. Set carry latch to correct units position. 
Set Carry Latch _A + S.B.LS. BW. Not RC 16.20.20 | 
Carry Ctrl Latch Set Carry Latch, Last LG 16.20.21 
Carry Latch — Carry Ctrl Latch, LGC 16.20.21 


20. Change sign over units position. 


Use Inv B ChSign - 
Add or Subt Op Codes 
“Use Inv B-channel Sign changes + to — or — to +. 


21. End the operation. ; 


Last Execute Cy * 
Arith > B Ch WM ° 
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Units Latch, B Cy, 3rd Scan 16. 40. 03 : 


B Cy, 3rd Scan, Add or Subt 16. 42. 02, 


| No Abit and No B-bit (plus) 


Questions on Add and Subtract Operation 


~ Answers to these review questions are in the Appendix. 
1. When the CPU decodes the A ( ADD) instruc- | 
tion, what action occurs? 


“2. Are other A-field characters processed after a B- 


3. Why is the first B-cycle in the add .or subtract 
operation longer than subsequent B-cycles?P 


4. When the sum in an add operation (or the re- — 


mainder in a subtract Operenen) is 0, what indicator 
turns on? 


5. When the A- field word: mark is sensed here: 


the B-field word mark is detected in a true add scan, 


. what action occurs? : 
6. When’ the add or sibeuel instruction specifies 
 A- and B-addresses, where is the result stored? — 


Zero ae Add and Tate kone Subtract 
Instructions — | 


‘cecueion Formats 7 


Formats for the zero and add (systems diagrams refer 
to the instruction as reset add) and zero and sub- 


~ tract (systems diagrams refer to the instruction as re- 
set subtract) § are as follows: 


: OP copE A-ADDRESS B-ADDRESS 
f (zero and add ) XXXXX  t XXXXX 
p (zero and add) : XXXXX 

P (zero and add) 

| (zero and subtract )  KXXKX — XXXXX 

! (zero and subtract ) XXXXX_ 

| 


(zero and subtract ) 


“If the zero and add or zero and subtract instruction 
specifies two addresses (? or | xxxxx xxxxx), the numeric 


data in the A-field is stored in the B-field. The sign | 


of the result field (B-field ) is the same as the sign of 
the A-field in the zero and add operation; the sign of 


| the result field is the opposite of the A-field sign in 
_ the zero and subtract operation (Figure 8). If, in a 


zero and add operation, the A-field has no sign and 
is thus understood to be positive, the system generates 


an actual positive sign for the B-field by placing A- 


7 . B-Field Sign . 
A-Field Sign At End of Operation 


B-bit (minus) 


B-bit (minus) A-bit and B-bit (pl us) 


B-bit (minus) 


| A-bit and B-bit (plus) 


A-bit (plus) 


B-bit. (minus) 


Figure 8. Sign Changes for Zero and Subtract (Two Addresses ) 
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~~ ad B-bits over the units So pition: All other zone posi- — 
‘tions, except the sign position, in the B-field are cleared 
© (no A- nor B-bits) in zero and add and zero and sub- 
’ tract operations. The B-field must have a defining word 
a mark to stop the operation. The A-field requires a 
- word mark only if it is shorter than the B-field, in 
- which case extra high- order B-field positions are set 
‘to 0. If the A-field is longer than the B-field, the high- 
order positions of the A-field that exceed the limits — 
imposed by the B-field word mark are not processed. 


If the zero and add or Zero and subtract instruction 


specifies only one address (? or | xxxxx ), numeric data _ 


in the A-field does not change. The instruction causes 


the system to strip the A-field of all zones, except the 
‘units (sign) position, and to change non-numeric codes 
(blanks and 8-3, 8-4, 8-5, 8-6, and 8-7) to their numeric 
- equivalents (0, 3, 4, 5, 6, and 7, respectively). In the — 


zero and add operation, the sign of the A-field is re- 
tained, but the bit configuration of the plus sign may 
change; for example, if the bit configuration of the 


plus sign is an A-bit or Nor A- and nor B-bits, the 


plus sign is changed to the A- and B-bit configuration. 


In the. zero and subtract operation, the A-field sign 
_ changes; if the A-field was positive before the oper- 
ation, it is negative after the operation; if the A-field 


was negative before the operation, it is positive (A- 
and B-bits) after the operation. In the one address 
zero and add or zero and subtract instruction, the 
A-field requires a word mark in its high-order position. 

If the zero and add or zero and subtract instruction 


does not designate an A- or B-address (no address — 


chaining), the contents of the aar from the previous 
operation specify the A-field, and the contents of the 
BAR specify the B-field in the operation. The zero and 


add or zero and subtract instruction is then executed _ 


in the manner described for two address instructions. 


CPU Operation 


During the A-cycle that begins execution of the zero — 


and add or zero and subtract instruction, the units 
position of the A-field reads out of storage and is set 


in the A-data register. After the A-cycle, the system 


executes a B-cycle to process the B-field character from 
storage onto the B-channel and to gate the character 


in the A-data register to the A-channel. The A-channel 


character is set in the adder; a 0 is inserted on the 


- B-channel input to the adder. In all cases, the adder 


true adds the A-channel character to 0. Because the 
units latch is on (first A- and B-field characters to be 
processed ), the adder sum is combined in the assembly 
with the sign of the A-field (zero and add) or with 
the inverted sign of the A-field (zero and subtract). 
The character and the sign are gated to the units posi- 
tion of the B-field in storage. Until an A- or B-channel 
word mark is sensed, the system alternately executes 


A- and B-cycles, adds A-channel numeric bits to 0 in re | 


the adder, and stores the adder output in the B-field. 


If an A-channel word mark is detected before a B- 


channel word mark is sensed, zeros are stored in the : | 
remaining B-field positions. A B-channel word mark 


terminates the operation. 

Figures 9 and 10 show diagrammed explanations of 
cpu operation in the execution of the zero and add 
and zero and subtract instructions. 

The | following controls are active when the cpu 


_ performs the zero ee add and zero and. subtract 


operations. 


_ SIGNAL | ConTROL | _Locic_ 


1. Initiate A-cycle and read out first A-field character. 


Set ACyCtl A Cy First Op Codes 12.12.41 
ar ~ Last Insn RO Cy 
A Cy Ctrl Set A Cy Ctrl, Next 12.12.20 
| to Last LG. 7 
A Cy A Cy Ctrl, LGB 12.12.01 
RO AAR | A Cy Ctrl, LG Special A 14,71.30 
ee 8 Read out AAR on A Cy Ops. | ae 
Set Mem AR Gated LGA, 2nd CP 14.17 16 
2. Set modifier controls to —1. an 
Set Ist Scan Ctrl . lst Scan First Op Code 12.30.05 — 
. , Last Insn RO Cy 
Ist Scan Ctrl Lat Set Ist Scan Ctrl, Next 12.30.03 
, to Last LG . Be 
Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Set to -1 Ast Scan 14.71.41 
3, Set Character into A-data register. A 
- SwB Chto A Reg A Cycle, LGD 15.38.01 
4, Control A-cycle length. + e 
Std ACyOpsACy Add Type Op Codes, A Cy 13.14.06 
Stop at F Std A Cy Ops A Cy 12.12.30 


5. Set true add controls. _ 
RA + RS « Last Insn RO Cy 16.20.13 


Set True 
True Ctrl Latch Set True, Last LG 16.20.14 | 
True Latch _ True Ctrl Latch, LGC 16.20.14 
Set No Carry RA + RS « Last Insn RO Cy 16.20.20 
No Carry Ctrl Latch = Set No Carry, Last LG 16.20.20 
No Carry Latch No Carry Ctrl Latch, LGC 16.20.22 
6. Initiate B-cycle and read out first B-field character. — 
Set B Cy Ctrl Std A Cy Ops A Cycle 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
to Last LG , 
B Cy 3 B Cy Ctrl, LGB 12.12.02 
Units Ctrl Latch Last Insn RO Cy, Next 16.30.02 
| to Last LG _ = 
Units Latch | Units Ctrl Latch, LGC 16.30.02 
~ Regen Units + Body Std A Cy Ops A Cy 16.30.01] 
Ctrl | | 
~ Units-Ctrl Latch Regen Units + Body Ctrl, 16.30.02 . 
_ Next to Last LG 
Units Latch a 
RO D AR * Arith Units Latch, B Cy Ctrl 16.41.01 
a Arith Type Op Codes 7 
Set Mem AR Gated. ~ LGA, 2nd CP 14.17.16 
7. Regenerate modify controls. 
Regen Ist Scan Ctrl Std A Cy Ops, A Cy 12.30.05 


Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 12.30.03 
Ist Scan Ist Scan Ctrl, LGC. 12.30.01 


Addr Mod Setto —1 = 1st Scan 14.71.41 
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@ . is . Zero and Add or 
. 7 Se. ee Zero and Subt Inst | 
Yes fi, th ered Cony? NS Set Units Latch | 
___ 16.30.02 r pee 
Set Carry Latch .. Set No Carry Latch ‘Set Ist Scan Latch . | ~ 
, 16.20.20 16.20.20 12.30.03 3 | 
ie | | Set True Add A Latch 
Yes |; ThereanA ChWM?)—N2 : es oul 
< | 16.20.13 © 
Set Extension Latch set Body Latch | Set No Carry Latch | | . : 
| 16.30.06 16.30.04 16.20.20 | a 
Take An A Cycle | , - es 
12.12.41 : f seater 
2 : a 7 
: | RO A Field Char. : 
__14,71,30 Regen Units or 
Body Latch ~ as 
oS : 16.30.02 -. 04 
| Take B Cycle . ‘ ; 
rr a | a ee ea ns ee 
oe) ¢ F : : . ; 
ae : | | Use DAR if 
16.41.01 | . a 
+ . : ae a 
“Inserts Standard | Yes / Isthe Units Latch on?\ No. | 
- Sign Zones t . 16.30.02 | on. 
“ : | a 
eS p------4 Is the Body or 
Ext Latch on? Ext 
16.30.04-.06 — 
t alts 
I , : foo 
Use A Ch Sign Use Inverted Insert 0 on A Ch 
L A Ch Sign to Addr 
16.40.03 : 16.40.03 16.20.11 
Gate A Chto . 
Qui-Bin Trans 
16.20.11 
Insert 0 on B Ch 
16.20.02 . 
: Gate Adder Output Use Adder Nu, Use 
Through ASM -B Ch WM, Use No } . 
16.40.01-02 Zones Except Unit Pos/ ae fo 


Hie IsTherea B Ch WM? Yes | | . | 
End Oper Start Inst RO - : 7 | | | 
16.42.02 7 | a | : pe ite —_ 


Regen Ist Scan Latch 
16.43.01 

Regen True Add Latch 
16.20.13 


Figure 9. Zero and Add or Zero and Subtract 


16. 


oN 


SYNC | LOCATION PROGRAM LOCATION = DATA A oe 
Address Switches 00012 ee, | 00001 30010000200 0009933 ‘ 
es _ J00001b . A 00198 = 456 . 2 F 
Pe} | . ? ee | ‘ i : . a = 
LINE NAME so LOGIC PAGE ‘TEST POINT - = 
sadeaaie ScuaececadeCeasucdeaSeovaedcusarde deasarde deaea 
1. LOGIC GATES | | m2 a a Lk : ; : LL. . : 
2. LAST INSN R.O. 12,138.06 NICIHI2G 
uv . = /-~ 
oN ” 48 3. 1ST SCAN CTRL 13.13.03 1ICTF23t 
"4. 1ST SCAN © 12.30.01 TICTE26A 
fos 5, UNITS CTRL 16.30.02 1IC2E21A 
7 3 7 oi 
ae 6. UNITS: 16.30.02  11C2DI6A 
/ 7. "A" CYCLE CTRL 12.12.20. 1ICIJ10D 
B. "A" CYCLE 12.12.01 11C1H20C 
, 4 9. R.O. AAR 14.71.30 1ICICIIG 
10. SET STAR ; 14.17.16 1182264 
V1. TRUE CTRL 16.20.14  11C2D116 : 
; 12. TRUE 46.20.1411 C2E12B 
2 hh be é 
13. TRUE ADD "A" 16.20.14 — 1IC2FO9A 
14, "B" CH INSERT "0" : 16.20.02  11C2B24C 
| 15, NO CARRY CTRL 16.20.22 »—-11¢20230 
" 16. NO CARRY 16.20.22 11C2C13A 
i . | 
17. "B" CYCLE CTRL "42.12.21 ICT A04B 
fOr Sit a 18. "B" CYCLE . (12.12.02 NICIHI7C 
19. R.O. BAR ( 16.41.01 1ICICNH 
eo 20. "A" CH PLUS SIGN (INVERTED) 16.16.07 1IC2E25K 
21, ASMUSE ADD NU , 16.40.02 11C2C13K 
5 % p 
fa 22, ASM USE B CH WM 15.49.02  11C3F24C 
> 23. ASMUSE A CH SIGN 16.40.03  11C2E19D 
| Soa 
i 24. ASMUSE NO ZONES — 16.40.01 11C2C12E 
25. BODY CTRL | 16.30.04 — 11C2C23C 
ei eo . 
ns 26. BODY | : 16.30.04  11C2G05A 
27. EXTENSION CTRL = 16.30.06 1IC2C16C 
28. EXTENSION 16.30.06 11C2D16C 
{~~ 29. "A" CH INSERT "0" (INVERTED) 16.20.01 LIC2EVIA 
30. END EXECUTE 16.40.02 11 2B04D 


31. LOGIC GATES. 


a 

fs Figure 10. Zero and Add Operation Timings | 
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SIGNAL Contnor | oe Locic 
8. Gate A-field character. to A-channel. 


Gate A DataRegto —_B Cy, A Reg:to A Chon Bo 15.38.02 
A Ch Cy Ops | 


9. Gate A-channel to Adder. 


Adder A Ch Use T or C Units Latch, Ist Scan, B Cy 16.20.11 


Add Type Op Codes, Not 1401 
10. Insert a 0 in B side of the adder. — 


B Ch Insert +0 Reset Type Op Codes, B Cy, 16.20.02 
Ist Scan 


11. Gate adder output through assembly. 


Use Adder Nu | RA + RS ¢ B* Not 1401 - 16.40.02 

Use A Ch Sign RA ¢ Units * B Cy 16.40.03 

or Use Inv A Ch Sign RS ¢ Units * B Cy 16.40.03 

Load Storage — Load Mem on B Cy Op Codes _ 12.50.01 
B Cy 


12. If there is no A- or B- channel word marks, set 
the no carry latch. 

- RA+RS+A+S.B. Add Type Op Codes, B Cy 16.20.03 

~~ Not BW B Ch Not WM Bit 

_. Set-No Carry Latch RA + RS + S.B. Not BW, 16.20.20 
~ No Adder Carry 

_ No Carry Ctrl Latch = Set No Carry Latch, Last LG 16. 920. 21 
_ No Carry Latch No Carry Ctrl Latch, LGC 16.20.21 

13. Take another A- ocr and read out next A-field 
_ character. 


Add Type Op Codes, 16.20.03 


RA +RS+A+ 
S.I.B. Not BW Ist Scan ~ | 
Not AW B Cycle, A Ch Not WM, 
B Ch Not WM 
Set A Cy Ctrl * Arith RA + RS + A + S.LB. 16.42.01 
Not BW Not AW 
Set A Cy Ctrl Set A Cy Ctrl * Arith 12.12.41 
A Cy Ctrl Set A Cy Ctrl, Next 12.12.20 
| to Last LG 
A Cy A Cy Ctrl, LGB 12.12.01 
RO AAR | ~ A Cy Ctrl, LG Special A 14.71.30 
: ~ Read Out AARonACy Ops 
Set Mem AR Gated LGA, 2nd CP 
14. Regenerate modify controls. 
Regen Ist Scan Ctrl RA + RS + A + S.B. 16.43.01 


* Arith Not BW | 
Regen Ist Scan Ctrl Regen Ist Scan Ctrl * Arith 12.30.05 
[st Scan Ctrl Lat Regen Ist Scan Ctrl, Next 12.30.03 


to Last LG 
Ist Scan | — Ist Scan Ctrl Lat, LGC 12.30.01 
Addr Mod Setto-1 = Ist Scan 14.71.41 


15. Take another B-cycle and read out next B-field 
character. | 


Set B Cy Ctrl 
B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
| to Last LG , | 
B Cy B Cy Ctrl, LGB | 12.12.02 
Set Body Ctrl Latch RA +RS+A+4+S.1.B. | 16.30.01 
| Not BW Not AW 
Body Ctrl Latch Set Body Ctrl Latch, Next 16.30.04 
to Last LG Pat ae 

Body Latch Body Ctrl Latch, LGC 16.30.04 


RO B AR * Arith B Cy Ctrl, Body Ctrl Latch 16.30.04 
B Cy Ctrl, Body Ctrl Latch 16.41.01 
Arith Type Op Codes 

If there was an A-channel word mark, the extension latch is 


set on instead of the body latch. 
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Std A Cy Ops A Cy 12.12.44 


SIGNAL. : CoNTROL Locic | 


16. Gate A-channel to adder. 


Adder A Ch Use Body Latch, Ist Scan 16.20.11 
LorC B Cy, Add Type Op Codes 
> Not 1401 


17. Gate a 0 in B side of adder.. 
B Ch Insert +0 


Ist Scan 
18. Gate adder output through assembly. 
Use Adder Nu RA + RS.B. Not 1401 16.40.02 — 


Use No Zones 
Latch 


19. End operation when there is a B-Channel wo. 
Last Execute Cy RA + RS.LB. B Ch WM 16.42.02 


Questions on Zero and Add and Zero and 
Subtract Operations | 7 


Answers to these review questions are in ite Appendix. 


1. If the sign of the A-field is positive in a zero and | 


subtract operation, what is the sign of result field? 


2. How does the zero and add operation wu from 


the zero and subtract operation? 

3. What positions of the result field contain zone bits 
after the zero and add or zero and subtract operation? 

4. What terminates the zero and add and zero and 
subtract operations? 

5. When the zero and add or zero and subtract in- 
struction specifies only an A-address, where is the re- 
sult stored? 

6. If the A-field contains all zeros, what indicator 
turns onP 


Multiply Instruction 


Instruction Formats 


Formats for the multiply instruction are: 


OP CODE A-ADDRESS B-ADDRESS 
Vv ‘ 
@ ‘ -XXXXX XXXXX 
v , 
@ ’ XXXXX 


The A-address in the multiply instruction specifies. 


the low-order character in the A-field (multiplicand ); 
the B-address represents the storage location of the 
low-order B-field character (product ). If the multiply 


instruction does not contain a B-address, the contents 
of the Bar from the previous operation designate the 


low-order character in the B-field for the multiply 
operation. If the instruction does not contain an A- 
address or a B-address (no address chaining ), the con- 
tents of the AAR and the Bar specify low-order A- and 
B-field characters, respectively. 

The multiply instruction causes the cpu to re- 
petitively add numeric data in the A-field (multipli- 
cand) to numeric data in the B-field (product), start- 


- Reset Type Op Codes, iB Cy 16.20.02 — 


RA + RS.B. Ist. Scan. Body 16.40.01 


an. 


ing with low-order B-field positions. Results of the 
additions are stored in the B-field. 


Multiplier digits must be stored in the high-order 


B-field positions before the multiply operation begins. 
However, the mutilplier is eliminated digit-by-digit as 
the operation progresses. If the multiplier is to be re- 
tained, it must be stored in another area in memory. 

Word marks must be set in high-order multiplier 
and multiplicand positions. 


B-Field Length 


Because the product is developed in the B-field, the 
field must be long enough to accommodate repetitive 
additions of the A-field and still not interfere with 
useful multiplier positions. Therefore the number of 
digits in the multiplier plus the number of digits in 
the multiplicand plus one equals the number of posi- 
tions that the B-field must contain. 


Concept of Machine Multiplication 


The following example is used to aid in explaining 
the concept of multiplication on the 1mm 1410 Data 
Processing System: | 
Multiplier XXX 
Multiplicand YYYYY ‘A-address B-address 
Product Field (before multiplier is moved in ) ZLLILLILLI. 
Because the multiplier has three positions and the 
multiplicand has five positions, the product field 
(B-field) has nine positions. Before the cpu decodes 
the multiply instruction, an image of the multiplier 
must be stored in the high-order B-field positions; 
this is usually accomplished with the zero and add 
instruction. The product field (B-field) must contain 
XXXZZZZZZ when the multiply operation begins. 
Before the cru performs the first add scan in the 
operation: 
1. Characters to the right of multiplier digits in the 
product field are replaced with zeros, and 


2. Zone bits in the units multiplicand (A-field) and 
multiplier digits are analyzed to determine the signs 
of the respective factors. If signs of both the A-field 
and the multiplier are alike, a plus sign is set over the 
units position of the B-field. If signs of the A-field and 
the mutliplier are different, a minus sign is set over 
the units position of the B-field. 

The B-field in the example becomes Xxx000000. 

In other cpu operations in the execution of the 

multiply instructions: 


1. Data in the A-field are true added or complement 
added into the B-field. Each multiplier digit specifies 
the number and type of add scans that should be 
executed (the number of times that the A-field is 
added into the B-field). 


2. The crv shifts when action that each multiplier 
digit designates is complete. The shift allows the add 
scans that the next multiplier digit requires to be- 
gin at the next product field position in high-order 
sequence. 


3. Multiplier digits are incremented or decremented 
by one before or after add scans until all multiplier 
digits are either reduced to 0 or increased to 9. The 
multiply operation ends when a 0 with a word mark 
is sensed in the multiplier. 


Rules of Machine Multiplication 


To execute a multiply instruction, the cpu applies the 
following rules: 


1. A multiply operation begins with the true add 
latch set and ends with a true add scan. 


2. A multiplier digit of 1, 2, 3, or 4 causes: 
a. The multiplier digit to be decreased by one. 
b. The cru to perform a true add scan. 
c. The cpu to shift after the multiplier digit is re- 
duced to 0. 


3. A multiplier digit of 5, 6, 7, 8, or 9 causes: 
a. The multiplier digit to be increased by one. 
b. The cpu to perform a complement add scan (ex- 
cept as noted in rule 6). 
c. The crv to shift after the multiplier digit is in- 
creased to 9. 


4. When a shift and a change from complement add 
to true add scan occur, the multiplier digit is not de- 
creased before the true add scan. 


5. When multiplier digits designate that a true add 
scan follow a complement add scan (as in the cases 
of multiplier digits 18, 47, 36, 25), an extra true add 
scan is taken after the shift ending the last comple- 
ment add scan. 


6. When the multiplier digit 9 follows the multiplier 
digit 5, 6, 7, 8, or 9 (for example 97, 95, 98, 99), the 
cpu does not perform a complement add scan when the 
high-order 9 is sensed; a shift is signalled immediately. 


7. When performing complement add scans, the 
complement of the A-field (multiplicand) is added to 
the B-field the number of times equal to the com- 
plement of the mutliplier digit, except as noted in 
rule 6; for example, the multiplier digit 8 specifies that 
the A-field be complement added to the B-field (rule 
3b) twice; the tens complement of 8 is 2. However, 
the multiplier digit is only increased to 9 (rule 3c). 


8. The zero balance indicator turns on when the 
product field is 0 at the end of a multiply operation. 


9. A multiplier digit of 0 signals a shift immediately; 
no add scan is taken. 
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Machine Multiplication Examples 
The following examples illustrate the manner in which 


the cpu executes specific multiply Speteoney 
EXAMPLE 1 


A multiplier units digit of 1, 2, 3, or 4 causes a cor- 
responding number of true additions of the A-field 


(multiplicand) to low-order positions of the product 


field (B-field). Before each true add scan, the multi- 
plier digit is decreased by one until the digit is re- 
duced to 0. When the multiplier digit is 0 and the 
subsequent true add scan is pomp a ek shift is 
forced, causing: 


1. The tens position of the multiplier to control the 
- number and type of add scans. 


2. The add scans to begin in the tens position of the 
ten field. 

This procedure is repeated for each position of the 
multiplier until the action that each multiplier digit 
specifies is complete. 

Example: 203 X 1625 


Read out 3 and reduce 
True add 
Read out 2 and reduce 
True add 
Read out 1 and reduce 
True add 
> -Read out 0 and shift 
Read out 0 and shift 


Read out 2 and reduce 
True add 

Read out 1 and reduce 

True add 

Read out 0 end op 


EXAMPLE 2 


A units multiplier digit of 5, 6, 7, 8, or 9 causes the 
complement of the A-field to be added to low-order 
positions of the product field. The complement of the 
multiplier digit determines the number of complement 
add scans required. The multiplier digit is incremented 
by one after each complement scan until the digit is 
increased to 9. When the required number of com- 
plement ad scans (as specified by the units multiplier 
digit) have been taken, a left shift is forced, causing: 
1. The tens position of the mutliplier to control the 
number and type of add scans. | 


2. The add scans to begin in the tens position of the | 


eee field. This procedure is repeated for each posi- 
tion of the multiplier until the action that each multi- 
plier digit specifies is complete. 

If the high-order multiplier digit (the digit con- 
taining the word mark) is 5, 6, 7, 8, or 9, the cpu per- 
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forms a true add scan after the last complement add 
scan and the shift have been taken. 


Example: 7 X 1625 


Multiplier | 

eae, | 700000 
_ Add complement of A- field | 98375 
Increment by one | $98378 
- Add complement of A- field 98375 
5 aon: 
Increment by one 996750 
Add SOMaplement OF A-field 98375 
Shift §9 5125 

True add A- field 1625 
_ End op 011375 


_ immediately. 


Complement addition for multiplier digits 5, 6, 7, 8, 
and 9 saves processing cycles and time. For example, 
a multiplier digit of 7 causes, instead of 7 true add 
scans, only four scans total. 


EXAMPLE 3 


When a multiplier digit of 9 is sensed after a multiplier 
digit of 5, 6, 7, 8, or 9 (95, 96, 97, 98, 99), the high- 
order 9 in the multiplier does not require a com- 
plement scan. The high-order 9 signals a left shift 

When multiplier digits designate that a true add 
scan follow a complement add scan, an extra true add 
scan is taken after the shift ending the last com- 
plement add scan. The multiplier digit is not decreased 
before the true add scan. 

A multiplier digit of 0 signals a left shift im- 
mediately. | 

Example: 19910 x 22. 


| Multiplier 

Read out 0 and shift i 9910006 
Read out 1 and decrease 19900000 

True add CRE 
Shift 1990022 
Read out 9 and comp add | {9900220 
Read out 9 and shift (9 follows 9) { 999802 § 
Read out 1 and true add 1999802 

(switch from comp add to true add) Wee ICT 
Read out 1 and decrease 021802 


True add 
Endop | 60438026 
Address Registers 


In a multiply operation: 
a. The Aar scans the A-field. 
b. The Bar scans the product field (B-field). 
c. The car retains the address of the units position 
of the multiplicand (A-field ). 
d. The par retains the address of the product field 
» position used at the start of each scan. The par 
is modified by —1 on a shift cycle. 
At the end of the multiply operation, the aar con- 
tains the address equal to the original A-address minus 


oa 


) 


PR 


Om 
ee 


the length of the A-field; the BAR contains the address. 
equal to the original B- address minus the ae of 


the B-field. 


CPU Operation 


To more clearly explain cpu action when performing 


a multiply operation, execution of the following ex- 
ample is used to supplement descriptions of cpu 
functions. Figure 11 shows a step-by-step breakdown 
in the execution of the following example: | 


Multiplier 83 

Multiplicand ( A-field ) 18] | 

Product Field ( B-field when the csaileipiy operation 
starts) 82XXXX 


The cru must first locate the units position of the | 


multiplier. To accomplish this, the cpu scans through 
the A- and B-fields and replaces B-field characters with 
zeros until an A-field word mark is sensed. In the 
example, three A- and B-cycles are required to read 
out the A-field word mark; the B -field omanee to 
892X000. 

The A-field word mark sets the extension latch, and 
the cpu takes another A- and B-cycle. During the 
A-cycle, the car is used to read out the units position 
of the A-field; the units position A-field character (con- 
taining the sign of the A-field) is stored in the A-data 


register. During the B-cycle, the extra position in the © 
product field (the position that contains neither a 0 
nor part of the multiplier) is replaced with a 0. In 


the example, the B-field changes to 820000. 


Another B-cycle follows. The units position of the 


multiplier (containing the sign of the B-field) is read 
out of storage and gated onto the B-channel. The 

A-field character in the A-data register is gated to the 
A-channel. The mg latch is set to identify characters 


on the A- and B-channels as units position characters 


of the multiplier and the multiplicand. Signs over the 
A- and B-channel characters are analyzed to determine 


the sign of the product field. Like signs (as in the . 
example) set the plus latch; unlike signs set the . 


minus latch. 


The B-channel character (units multiplier digit) is 


examined to determine whether true or complement 
add cycles are to be taken. If the multiplier digit is 
1, 2, 3, or 4, the true add latch is set, and the digit is 
decreased by one and returned to the units multiplier 
position in storage. To accomplish this, the digit 9 is 
inserted in the A-channel side of the adder, and the 
B-channel character (1, 2, 3, or 4) is inserted in the 


B-channel side of the adder. The two digits are added, _ 


and the high-order carry is dropped, effectively sub- 


tracting one from the B-channel digit. For example, 


when the digit 2 is inserted in the B-channel side of 
the adder, the digit 9 is inserted on the A-channel 


input to the adder. The digits are added, and the high- _ 


_ order carry is dropped: the adder ouput (1) is stored | 


in the units position of the multiplier in memory. The 


_B-field in the example becomes §10000. 


— If the multiplier digit is 5, 6, 7, 8, or 9, the com- 
plement add latch is set, and the multiplier digit is 
returned to storage unchanged. 


In addition to setting the true add or ‘ complement 


add latch, the units position multiplier digit sets the 


first, second, or no scan latch for the subsequent D- 
cycle. If the digit is not a 0, the no scan latch is set: 
if the digit is a 0 without a word mark, the first scan 


latch is set; if the digit is a 0 with a word mark, the 


second scan latch is set, and the operation ends when 


~ the subsequent D-cycle is complete. In the example, 


the units digit in the multiplier is 2, causing the no 
scan latch to turn on. 

When the sign analysis is complete and the no scan 
and true add or complement add latches are set, the 


_ cpu takes a D-cycle to set the sign of the product over 


the units position of the product field (B -field). The 


- product field in the example then becomes 810000. 


The cru scans the A- and B-fields and true adds or — 
complement adds the A-field to the B-field. The num- 
ber and type of add scans performed are determined 
by the numeric value of the multiplier digit. In the 
example, the units position multiplier digit was 2 be- 
fore the reduction, indicating that the A-field must be 
true added to the B-field twice. The cpu takes A- and 
B-cycles to read out multiplicand and product field 


characters to execute the addition. Before each A-field 
to B-field true addition is begun, the multiplier digit 


is read out and reduced by one. At the end of the 
second true add scan, the B-field in the example be- 
comes 800362. When the multiplier digit is 5, 6, 7, 8, 
or 9, the complement of the A-field is added to the 
B-field the number of times that the complement of 
the multiplier digit specifies; for example, the multi- 
plier digit 8 indicates that the A-field must be com- 
plement added to the B-field twice (the tens com- 
plement of 8 is 2). The digit is increased by one after. 
the first complement add scan; in cases of other digits 
designating complement add scans, the digit is in- 
creased by one after each A-field to B-field addition 


until the multiplier digit is increased to 9. 


_ When the designated number of true add or com- 
plement add scans are complete, the next multiplier 
digit is examined to determine whether true or com- 
plement add scans are required. 


When action that each multiplier digit specifies is 
completed, a left shift occurs, causing the subsequent 


complement or true add cycle to begin at the next digit 


in high-order sequence. In the example, a left shift 


occurs when the two true add cycles that the units 


multiplier digit (2) designates are executed. Actions 
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MULTIPLY PROBLEM: 


OBJECTIVES 
LOCATE- UNITS POS. 
OF MULTIPLIER 
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Fi gure 11. Multiply Example 


22, 


UNITS A - 


os 


) 


) 


ned 


that the next multiplier digit (8) specify must begin in. 


the tens position of ‘the B- field. 


The next ‘multiplier digit reads out of storage and 
| sets the true or complement add controls. The digit is 


decreased by one and returned to storage if the true 
add latch is set. The digit is returned to storage un- 


_ changed if the complement add latch is set. The A-field 


is then true added or complement added to the B-field 
as designated by the multiplier digit. The B-field in the 


. example changes to 996749 after the shift and two 


complement add scans are complete. 


The multiply operation cannot end with a comple- 


‘ment add scan. In the example, the high-order multi- 


plier digit, specifies two complement add scans. A shift 
and a true add scan must be executed after the second 
complement add scan. The B-field in the example 


becomes 614849. The multiply operation ends when 
-. the 0 with a word mark is sensed in the multiplier. 


_ Figures 12 and 13 shows detailed cpu action in the — 


execution of a multiply operation. 


Questions on Multiply Operation _ 


Answers to these review questions are in the Appendix. 


1. List the multiplier digits that cause: 
a. Complement add scans. 
_b. True add scans. 

2. When the multiplier contains three digits and the 
multiplicand contains fiwe digits, how many storage 
positions should be reserved for the product field? 

3. When is the multiply operation terminated? — 

4. Does the cpu move the multiplier to the product 
field when executing a multiply instruction? 

5. When the multiplier is 99: 

a. How many complement add scans are required 
in the multiply operation? 

b. How many true add scans are required in the 
multiply operation? 

6. When the multiplier is 898: 

a. How many complement aaa scans are required 
in the multiply operation? ; 

b. How many true add scans are required in the 
multiply operation? 
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Set Units Latch . eae 
16.30.02 : 


va Multiply = |) 
Instruction : ? 


Set Ist Scan Latch 


Units, Body, or — 
-Ext Latch On? 


Ext 


12.30.03 


Yes Set True Add B Latch [ 


_ Set No Carry Latch. 


16.20.20 


The B Ch Always 
True Added 


Set True Latch 
16.20.13 


‘Set Extension Latch | ~ 
16.30.06 P 
12.30.05 | | 16.43.01. 
Take a C Cycle : : 
—-12,12.42 a | 


Set Body. Latch 


16.30.04 


Take an A Cycle 


12.12.41 


ne 


eM 


C AR Reads Out : ons Yes Is the Units No | . 
Units Position Latch On? 
- A Field Char 
7 | : Bod 


Set MQ Latch Use A AR to RO 


A Field Char 
16.41.01 


Use C AR to RO UP 
A Field Char 


6 41.0 


16.30.07 


Set Ist Scan 


12.30.05 | 


Yes / Units Latch On? \ No 
16.30.03 
Use DAR to RO UP 


B Field Char 
16.41.01 


This Address When 
Modified is Read Into 
the B AR Onl 


Units, Body, Ext / Units, Body, Ext \MQ 


Use B AR to RO 
*_ B Field Char 
16.41.01 
or MQ Latch On? 


co Store O in B Field | gee ° a (+) A Ch ( (+) 
without Zones | | Plus or Minus? 
16.40.02. | . 
" B Ch 
Regen True Latch ( 
16.20.13 


Set Plus Sign Latch | 


B Ch 


Plus or Minus? 


Set Minus Sign Latch 
16.16.04 
Insert a 9 on 
wis actin, caps Gest ites Sb A Chto Adder 
420 | 


16.16.04 


Units Position of Multiplier 

is on B Ch; Units Position. - 

of Multiplicand is on 
ACh 


. Figure 12A. Multiply, First Scan ob ae | To Figure 128 ©) 


wee ee | 7 eS 
acon - From Figure 12A (o) | : J 
- u BChChar Oor 1-9? lat , 


| Store 0 in B Field 
ee a | | Without Zones . 
a, - _—- 16.40.02 


B Ch Char 


Store Adder Output 


. Sele Voeay Store B Ch Nu 
a | . : ere rare Char No Zones No Zones 
a — 7, 3 i 16.20.13 16.40.02 16.40.02 


Set No Carry Latch 
16.20.20 


Set Compl Latch - 
16.20.13 


Set Carry Latch 


16.20.20 


: ; : B Ch WM? Set No Carry Latch } ; 

a 16.20.20 - -| °  - 
. - Set 2nd Scan Latch Set No Sean Latch es Be et . 
af 16.43.01 12.30.05 | ee 8 


This Address When 
Modified is Read into 
the D AR Only 


1 oN / . Use D AR to RO B Fld 
Char 
16.41.01 


ie ‘ : Insert 0 on Assm Ch 
eo | | : 16.40.02 


{ 
2 * 


16.40.03 


Use Sign Latch 
, = “ - No, Ist, 2nd Is this a No, Ist, 3rd 
e : 2nd, or 3rd Scan? 
ee | me ead 0 Regen Mem 
- 12,50,01 12.50.02 


Stop at J (F) 


' 

= 16.42.04 12.12.30 

| Set No Carry Latch Set Carry Latch 
16.20.20 16.20.20 
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oe ; End Oper Start Inst RO No Is this a Ist, 3rd Ist, 3rd 
2 . 49.62 : or No Scan? 
a ies 7 1642.0 
* a : Set Units Latch 
a : af 16.30.02 | 


Trueor Comp! Latch 
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(Is the MDL Latch One 


| Set 3rd Scan Latch 
16.43.01 


To Figure 12C 


| Set 3rd Scan Latch 
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Regen 3rd Scan 
16.43.01 


Set True Add B Latch 
From Figure 12B 
16.20.10 


Regen True or 
Compl Latch 


16.20.13 
16.42.01 
Latch On ? 


Use C AR to RO 
A Field Char 
16.41.01 


Body Is the Body or 


Ext Latch On? 


Use A AR to RO 
A Field Char 
16.41.01 


Regen Carry or 


No Carry Latch 
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Regen Units, Body 
or Ext Latch 
12.30.06 
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Adder Carry ? 
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Set No Carry Latch 
16.20.20 


No Is there Yes 
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Set Body Latch 
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Figure 12C. Multiply, Add A-Field to B-Field 
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From Figure 12B 


Use DAR toRO 
B Field Char 
16.41.01 


Gate A Ch Is the True. 
to Adder or Compl cone 
16.20.11 Latch On? 


Set Carry Latch 
16.20.20 


Set Extension Latch 
| 6,30,05 


_ Regen 3rd Scan - 
16.43.01 
Set True Add B Latch 
16.20.10 | 


Regen True or 
Compl Latch 
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Latch On ? 


Use B AR to RO 
B Field Char 
16.41.01 


: Is the Units, ; 
i aca a Body, Ext, or aS (m) To Figure 12D 
MQ Lat On? ‘ 
Unit, Body Is the Units, Ext 


Body, or Ext 
Latch On? 
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Store 0 No Zones 
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16.20.13 
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Yes B Ch WM? Noy . Set Units Latch - | Set Compl Latch 
: 16.30.02 ee 16.20.13 


End Operation . ; : : 
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Figure 12D. Multiply, MQ Controls 
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Set MDL Latch ; - 
16.62.01 3 


SYNC . 


ADDR SW 00012 


LINE NAME 


1. LOGIC GATE B 


2, LAST INSN RO. 


3. UNITS 


4, 1ST SCAN 


5. ACYCLE 


6. B CYCLE 


7. RO. AAR 
8. R,O. BAR 
9. R.O. CAR 

10. R.O, DAR 
11. BODY> 
12. EXTN 
13. MQ 
14, C CYCLE 
15. D CYCLE 
16. NO SCAN 


17. 3RD SCAN 


18. LAST EXECUTE 


19, LOGIC GATE B 


LOGIC PAGE 


11.10.11 


12.13.05 
16.30.02 


12.30.01 


12.12.01 


12.12.02. 


14.71.30, 
14.71.31 
14.71.32 
14.71.33 
16.30.04 
16.30.06 
16.30.07 
12.12.06 
12.12.07 
12.30.01 


12.30.02 


12.12.51 


11.10.11] 


C212€ 
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C2B18A 


CIFI9F 


C1D03H 


C1G24D 


CIE26H 
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Figure 13. Multiply Operation Timings 
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Divide Instruction — 


The following example shows mathematical terms as- 
signed to factors in a oe operation: 


25 —Quotient 
22.) 570- Dividend  — 
| 4A ase: a 
130 
110 P 
~ 20 Remainder _ 


Divisor 


Instruction Formats 
Formats for the divide eon are: 


OP CODE A-ADDRESS B-ADDRESS 
% XXXXX XXXXX 
% XXXXX 
% 


The A-address in the instruction specifies the units 
position of the divisor; the B-address designates the 


storage location containing the high-order position of 


the dividend. If the divide instruction does not have 


a B-address, the contents of the BAR from the previous _ 
- operation locate the high-order position of the divi- 
dend. If neither an A- nor B-address is included in| 
the instruction (no address chaining), contents of the 


AAR and Bar from the previous operation provide A- 
and B-addresses, respectively, for the divide operation. 

The divide instruction causes the dividend (located 
in the B-field) to be divided by the divisor (located 
in the A-field). To effect the divide operation, the 


cpu executes a series of complement add scans and 


right shifts to repetitively subtract the divisor from 


the dividend. The quotient is developed in high-order © 


B-field positions; the remainder is located in low-order 


positions in the B-field; the dividend is destroyed as | 


the divide operation proceeds. 


Programming Considerations | 


The program containing the divide instruction must 
establish certain conditions before the cpu begins the 
division. Conditions that must be considered before 
the divide operation begins are: 


Addressing of Factors: The dividend is located in 
the low-order positions of the B-field. During the di- 


vide operation, the quotient is developed in high-order 
B-field positions, and the dividend is destroyed. If the 
dividend is to be retained, it must also be stored in 
another area in memory. 

Length of the B-field: Because the quotient is de- 


veloped in the B-field, the field must be long enough 


to accommodate repetitive complement additions of 
the A-field and still not interfere with quotient posi- 
tions being developed. Therefore, the length of the 
B-field is determined by adding 1 to the sum of the 


number of digits in the divisor and dividend; for ex- 


ample, the ees 5001 + 10 requires that the B-field 


contain seven positions. 


4 (oditions in dividend ) + 2 (assoc: in divisor) + 1 = 7 


(positions in B-field ) 


Signs: The divisor can either be sonedl or catenet 
If no zone bits are in the units position of the divisor, 
the divisor is considered positive. A sign must be set 
in the units position of the dividend (located in the 
units: position of the B-field) to stop the divide oper- 


ation. The dividend sign must consist of A- and B-bits 


for plus, or B-bit for minus. At the end of the oper- 
ation, the sign of the quotient follows algebraic sign 
rules (Figure 14), and appears over the units position 
of the quotient; the sign of the remainder is the sign 
of the original dividend. 


| Divisor Sign 
Dividend Sign 


Remainder Sign 
Quotient Sign 


Figure 14.. Divide Sign Control 


Zeros: The quotient field (the high-order B-field 
positions that do not contain the dividend) must con- 
tain zeros when the divide operation begins. Moving 
the dividend into the B-field by means of the zero and 
add instruction insures both the presence of zeros in 
high-order (quotient) positions of the B-field and 
proper signing of the B-field. 

Word Marks: A word mark must be set over the 
high-order position of the divisor. A B-field word mark 
is not necessary; if, however, a word mark is set in the 
B-field, it is ignored, but retained. | 


Concepts of Machine Division 


- To execute a divide operation, the cpu performs a 


series of subtractions by complement adding the 


_ divisor to the dividend, starting with the high-order 
dividend position. A carry from the high-order position 


indicates a successful complement add scan and in- 
creases the quotient field by one. Successive comple- 


‘ment add scans are performed until no adder carry 
. from the high-order position is detected, indicating 


that the previous subtraction was unsuccessful (over- 
draw) and that a correction scan must be taken. 

In a correction scan, the divisor is true added to the 
dividend to restore the dividend to its value preceding 


_the unsuccessful subtraction. If the divisor is not true 


added to the units dividend position (located in 
the units position of the B-field), a right shift is taken 
after the correction scan. The cpu repeats the oper- 
ation, complement adding the divisor to the dividend, 
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starting with the next dividend digit in low-order 
sequence. | 


When a correction scan causes the divisor to be 
added to the units dividend position (defined by a 
B-bit in the standard sign), actions to set the quotient 
sign and end the divide operation are initiated. 


At the end of the operation, high-order B-field posi- 
tions contain the quotient; low-order B-field positions 
contain the remainder. Zone bits in the units quotient 
and remainder positions indicate the signs of the 
factors. When the divide operation is complete: 


1. The number of digits in the divisor (A- field ) 
equals the number of B-field positions containing the 
remainder. 


EXAMPLE 1 


2. The number of digits in the original dividend 
equals the number of B-field Peon ee the 
quotient. 

3. A numeric zero in the B- field eparare: the re- 
mainder from the quotient; for example, when, the 
system divides 6876 x 55, the B-field contains 0125001 
at the end of the operation. Because the divisor con- 
tains two digits (55), the two low-order B-field posi- 


_ tions contain the remainder (01). Four digits were in 


the original dividend. (6876), therefore, the four high- 
order positions in the B-field contain the quotient 
(0125). A numeric 0 separates the remainder from the 
quotient. 

Examples 1, 2, and 3 ee illustrate the ey of 
machine division: 


147 + 13 


Complement add divisor to dividend (high-order position ) 


No adder carry from high-order position 
Correction scan (true add divisor to dividend ) 


B-field is restored to value preceding overdraw 
Shift right and complement add 


Successful subtraction 
Complement add 


No adder carry from high-order position 
Correction scan (true add divisor to dividend ) 


B-field is restored to value preceding overdraw 
Shift right and complement add | 


Successful subtraction 
Complement add 


Successful subtraction 
Complement add 


No adder carry from high-order position 
~ Correction scan (true add divisor to dividend ) 


B-field is restored to value preceding overdraw 


Because divisor was true added to units position of B-field 


eS 
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(B-field. before division) 
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(indicated by presence of B-bit), apply sign to quotient and 


end operation. 


Because there are three digits 
in the dividend (147), the 
three high-order positions in 
the B-field at the end of the 
divide operation contain the 


. aucent 


EXAMPLE 2° 


Because there are two digits 

in the divisor (12), the two 

low-order B-field positions 
contain the remainder at 
the end of the divide oper- 
ation.. 
A 0 separates 
the quotient from 
the remainder. 


~ 14980 + 65 


60014980 (Be field before division ) 


Complement add divisor to dividend (high-order postion) 935 


No adder carry from high-order position 
Correction scan (true add divisor to dividend) | 


~’ Shift right and complement add 


No adder carry from high-order position 
Correction scan (true add divisor to dividend ) 


30 


09364980 
6 5 


00014980 

| 935. 

00949980 
65 | 


5 


00014980 1 


oo 


) 


Pere 


ne | we et 00014980 
Shift right and complement add ) | 935. 


Successful subtraction :  =~=00108480 
Complementadd = . 935 | 
Successful subtraction — 2 8 eS ge & a 00201980 
-Complementadd ———™ a ‘ oe | 935 
No adder carry from high- perder position a | 00295480 
Correction scan (true add divisor to dividend) ~ : 6 5-- 
re : | 7 00201980. 
- Shift right and complement add rte. a 935 
Successful subtraction 7 setae Ga 2 002 1 0330 
Complement add 4S | OR, an 935 
Successful subtraction - 3 0 ry 2 3 0680 
Complement add a ae a 935 
Successful subtraction a 7 , | 00230030 
~ Complement add | CO cde ee OP ; 93 5. 
No‘adder carry from high-order position 00239380 
Correction scan (true add divisor to dividend)  =—s_- - ‘6.5-- 
: : Bie oe oo) —- 00230080 
Shift right and complement add. its : Sa 935 
| _No adder carry from high-order position | Ss 00230965 
 } Correction scan (true add divisor to dividend ) Oe : 65 
Because divisor was true added to units position of B- field: 00230030 . 
(indicated by presence of B-bit),- apply aes to. quotient a Sibied a 
and end aperanon, | 023 01013 0 Oia th a 
/ . | pee there are five digits -Because there are two digits 
in the dividend. (14980), the “in the divisor (65), the two 
five high-order positions in - low-order B-field positions con- 
. the B-field at the end of the _ tain the remainder at the end 
divide operation contain the of the divide operation. 


uotient. 


_ A 0 separates the quotient 
- from the remainder. 


EXAMPLE 3 


» . . 4500 + 1006, hee. | 
ey Oe 3 500001500 (B-field before division) 
Comoe add aivisor to dividend (high-order) 9000 ° | “ 
No adder carry from high-order position =~ = 009001500 
Correction scan (true add divisor to dividend) . : 1000 | 
_B-field restored to value preceding overdraw- a5 | 000001500 
Shift right and complement add * 8 ees 9000 . 
No adder carry from high-order position : 000901500 
Correction scan (true add divisor to dividend) - : - 1000 
B-field restored to value preceding overdraw 000001500 
Shift right and complement ‘add | cae 9000. 
No adder carry from high-order position | 0009150 0 
Correction scan (true add divisor to dividend) __ S, tea, c* ,1000~- 
B-field restored to value preceding overdraw us | 000001500 . 
Shift right and complement add . pga i 9000. 
Successful subtraction _—/ ane © | s 000010500 
Complement add | | Soo, Bins 9000. 
: No adder carry from high-order position o ~~ e953 90001 9500 
~ Correction scan (true add divisor to dividend) | 1000 
_ B-field restored to value preceding overdraw _ _ , 000010500 S 
_ . Because divisor was true added to units position of B-field O600 0 1j0|5 00. 


(indicated by presence of B- eae pee Bu to quotient 
and end epefanion. | = 4 
| Because there are four digits in 
the divisor (1000), the four low-” 
order B-field positions contain the 
remainder at the end of the divide 

operation. 


Bosue there are four ‘digits 
in the dividend (1500), the 
ee aa | i four high-order positions in~ 
ie : he ie 3 tia the B-field at the end of the 
ease eee _. divide operation contain the — 
| yuotient. | 


A 0 separates ; 
the quotient from ~ 
~_ the remainder. 
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_ Program Conditions that Cause Divide Overflow 


The program designating the divide operation must be 
constructed to anticipate conditions listed below that 


can cause a divide overflow indication: | 
1. If the quotient field is two or more positions short, 

the divide operation usually results in a divide over- 

flow. If the field is one position too small, no overflow 


indication is given, even though the units position of — 


the adjacent field is changed. A quotient field too 
~ small is a programming error, and is not checked by 
the system. 

2. Division by 0 always result ina 1 divide overflow 
indication.’ 

3.. Because only one quotient digit can be developed 
at a time, it is important to address the high-order 
position of the dividend (B-address in the divide in- 
struction ). This insures that the first divide operation 
results in a single high-order quotient digit. An im- 
properly addressed dividend can cause a divide over- 
flow if the result of the first series of complement add 


15). 


Example 
INCORRECT | 


0090 
CANT 


The first complement 
add scan begins at 
ithe high-order dividend 1 0 00 
position. 


The first complement 
add scan does not begin 
at the high-order 
dividend position. 


DIVIDE OVERFLOW 
First series of comple- ~ 
ment add scans produces 
a quotient of greater 


ithan 9 


CA10 
0 


r 


*CA is abbreviation for complement add scan 


Figure 15. Examples of Dividend Addressing 


Address Registers 


In a multiply operation: 7 | 
a. The ar scans the A-field (divisor). 


b. The Bar scans the dividend aad used in 2 


~ each scan. : 
-c. The car retains the nddvese of the units posi- 
tion of the divisor. ae 
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scans produces a auoneat of. La than 9 UH igure 


d. The par retains the address of the position in 


the dividend field used at the start of each scan; 
the par is modified by +1 on shift cycles. 
_ At the end of the divide operation, the AR contains 


the address of the next sequential instruction; the AaR_ 


contains the address equal to the original A-address 


minus the number of characters in the A-field; the BAR 


contains the address of the tens ve of the quo- 
tient field. ) 


cpu Operation , 


To perform the divide operation, the cpu executes A-_ 
and B-cycles to read out divisor (A-field ) and dividend _ 
(B-field ) characters. A-field characters are gated to the 


A-data register on A-cycles and to the A-channel on 
succeeding B-cycles. B-field characters are gated to the 
B-channel on B-cycles. The adder unit true or com- 


_ plement adds the A-channel character to the B-channel | 
_ character as determined by the on and oFF states of 


_ the true and complement latches. The adder unit out- 


2 


_ put is gated through assembly to storage. 

_ The high-order character in the divisor contains a 

_ defining word mark. The A-field character containing 
the word mark is “read from storage and set in the 

 A-data register during a normal A-cycle. 

B-cycle that. follows, the high-order divisor digit is. 


On the 


gated to the A-channel and combined with. the cor- 
responding B-channel character in the adder. The 


adder output is gated through the assembly unit to 
| — storage. Because the last character in the A-field has | 
-| been processed (as indicated by the A-channel word 


mark), the extension latch is set, initiating another 
(the second successive) B-cycle. : 


End of Correction Scan and Shift Cycle 
When the cpu is performing a correction scan (true 


addition) and the extension latch initiates the second 


successive B-cycle, the next B-field character in high- © 


order sequence is read out of storage and gated onto 


~ the B-channel. The adder unit combines the B-channel | 
character with a 0 automatically inserted on the A- 


channel input to the adder; the adder output is gated 


through. the assembly unit to storage, ending the true 
_ add (correction ) scan. Shift and complement add 


cycles follow. ; 
To accomplish | the shift, the cpu sets the second 


scan latch and takes a D-cycle to increase the paR ad-— 
_ dress by one. The character read out of storage on the 
D-cycle is returned to its storage location unchanged. 
At the end of the D- cycle, the units, complement, and 


third scan latches are set, initiating a complement add 


scan. The cpu uses the car to read out the units posi- 


tion of the A-field and the par (modified by +1 in 
the preceding shift ie to read out the B-field 


BES 


re a eae, 


Doge 


J 


font 


character. A- and B-field characters are read out of 
storage on alternate A- and B-cycles until the divisor 


digit containing the word mark: is sensed on the A- 


Channel again. 


End of Complement Add Scan 


When the cpu is performing a complement add scan 


and the extension latch initiates the second successive 
. B-cycle, the next B-field character in high-order se- 
quence is read out of storage and gated onto the B- 
channel. The adder unit combines the B- channel char- 


acter with a 9 automatically inserted on the A-channel 
input to the adder; the adder output is gated through 
the assembly unit to storage. If the sum of the B- 
channel character and the 9 inserted on the A-channel 


input to the adder does not require a carry, the re- 
duction scan (complement add scan) was unsuccess- 


ful, and the complement add scan ends. The cru then 
takes a true ad scan to restore the dividend to its 


value preceding the unsuccessful subtraction. To ini- — 
tiate the true add scan, the true, units, and third scan 
latches are set, and the car and par are used to ad- 


dress storage on the first A- and B-cycles, respectively, 


in the true add (correction) scan. 


If the sum of the B-channel character and the 9 in- 
serted on the A-channel input to the adder requires a 


carry, the mq and carry latches are set, and the com- 
plement latch is regenerated. The on states of the 


. . complement and mg latches indicate a successful re- 
_ duction scan and initiate another (the third successive ) 


B-cycle to increase a quotient digit by one. During the 


B-cycle, a digit in the quotient field is read out of 
storage, gated onto the B-channel, and into the adder 
unit. A 0 is automatically inserted on the A-channel | 
input to the adder. The adder combines the B-channel 
character (a quotient digit) with the carry that re- 
sulted from the addition on the previous B-cycle, in- 


creasing the character by one. The character is gated 
to storage. If the sum of the B-channel character and 


the carry is greater than 9, requiring the carry latch 
to be set again, the overflow latch is set, and the 
divide operation is terminated, No carry should result . 
from the addition performed when the mg and com- 
plement add latches are set. If the addition does not — 


produce a carry, the successful reduction scan ends, 


_ and another complement add scan is begun. The MQ 
latch is reset, the units latch is set, and the car and > 


DAR are used to read out A- and Beieid characters, 
peapeevely: | 


Set Quotient Sign and End Divide 


On the first A- and B-cycles in the last correction scan _ 


in the divide operation, characters in the units posi- 


” 


\ 


~ tions of the A- and B-fields are read out a storage! The 
character in the units position of the A-field contains 


the divisor sign. The character in the units position: of 


the B-field contains the dividend sign. Only the units | 


character in the B-field can contain a B-bit. When a 
B-bit is detected on the B-channel in a true add scan, 


signs of characters on the A- and B-channels are an- 


alyzed, and the plus latch or minus latch and the 


MpL (multiply divide last) latch are set. The cpu takes | 


A- and B-cycles to execute the true add scan in the 


“normal manner. The first character gated to storage in 
_ the scan takes the B-channel sign; the remainder al- 


ways takes the sign of the original dividend. Because 
the mot latch is set, shift and complement add cycles 
are not taken when the true add scan is complete, but 


rather the mg latch is set, and the true latch is re- 


generated. A B-cycle is taken to read the units digit 


in the quotient field out of storage and onto the B-— 
channel. The adder unit combines. the units hace 


field digit with: 


1. AQ automatically inserted on the A-channel input | 


to the adder. 


2. The carry left over from the previous correction. <7 


scan. The carry latch is set at the end of each cor- 
rection scan, but the carry is used only when the MDL 
latch is set. 


Therefore, when the adder unit completes the addi- | 


tion, the output digit equals the original B-channel 


input digit, and the carry latch is set. 


_ (Units Quotient Field oe + oar +9= Units Quotient : 


Field Digit + 9) 


_. The correct quotient sign (as dcteniined by the on 
state of the plus latch or minus latch) is set over the 


output digit from the adder unit. The digit and the 
sign are returned to storage. At the end of the B-cycle, 
the divide operation ends. 

Figure 16 uses a specific example to illustrate the 
step-by-step action that the cpu performs to execute 


the divide instruction. Figure 17 is a data flow diagram 
_ of the divide operation. : 


Questions on Divide Operation — 


Answers to these. review questions are in the Appendix. 


1. What condition causes the cru to set the divide 
ouernow latch? | 


2. a. Why is a correction scan necessary? 


b. When does the ‘CPU recognize an unsuccessful | 


reduction? 
3. When are D-cycles taken? | 
4, When is the multiply divide latch setP 


3. When are the car and par used in the divide 


operation? 
6. When does the cpu set the quotient sign? 
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ie 
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Vv + ae es Ne 


DIVIDE PROBLEM: 


_A FIELD 


. STORED 
: “OB LU t ON "pe qV NO HAN 

5 “> ea mee ii oe ASSN CARRY com 

OBJECTIVES 


REDUCTION- COMP OAR ut ees. AR |. 7 UNITS A: | 
~ ADD D AR 1000'S B 
SCAN AAR . : 
— AR 
_ OVERDRAW B | BAR 
~ CORRECTION- TRUE CAR 
' ADD D AR . 
: . SCAN AAR 
: BAR 


L BAR | pact petty | 7 


MODIFY D AR +1 2 Toa D AR are SHIFT 
REDUCTION- COMP CAR | ae a eee 
| ADD D AR 0'SB ; | 
, SCAN A AR ve ; ° . (oO ‘ 
BAR a . - 


OVERDRAW | BAR | AR 


DIGIT | ADDER | CARRY | ADDER TRUE REMARKS 


UNITS A 
1000'S B 


. ADD B D_AR 00's B ¢ | . 


SCAN . A AR 
a AR . 


BAR| eS et 


“MODIFY D AR + ig _ SHIFT 


~ REDUCTION- COMP — pear AR UNITS A 
_ B D AR TENS B 
| SCAN A | AAR 2 
B | BAR | ; 


BAR Ee ee 
_ ACCUMULATE QUOT tea ee Se ered 


REDUCTION- COMP A | CAR UNITS A 
B | DAR TENS B 
| SCAN A | AAR 
— oat AR 


a BAR ttt id 
_ACCUMULATE QUOT he eee im ! 


- REDUCTION- COMP] A CAR UNITS A 
ADD B DAR TENS B 
= BAR 


| BAR | AR 
ACCUMULATE QUOT te tee at Peete es 


~ REDUCTION- COMP | CAR UNITS A 
ADD “DAR. TENS B. 
BAR 


BAR eet ee ee Cc 
ACCUMULATE QUOT eto ee et 


~ REDUCTION- COMP: CAR UNITSA canes 3 
ADD DAR TENS B 7 
BAR | “ 7 sed 


ACCUMULATE QUOT te tae TT tt state te tat 


REDUCTION- COMP! A CAR Pe[ Ts] UNITS A 
ADD B TENS B | a ae 
SCAN | as} AAR | me 
— eat AR 


| BAR | Rah ee ee oe ee re 


e 
\ 


ACCUMULATE QUOT EESrareentiiwtwaeseaest lcs Seal Ss bon, tl 
by A ae : eo 


nia 16A. Divide Example 
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J REDUCTION. COMP CAR 
DAR 
SCAN ki 
B AR , 


| BAR | 


UNITS A 
TENS B 


ACCUMULATE QUOT tee Se ee 


REDUCTION- COMP A C AR 
ADD B D AR 

SCAN A RRR 
= B AR 


| BAR | 


_ ACCUMULATE QUOT Thee Te ee 


‘e) 


E 


REDUCTION- peti CAR 
DAR 
rate AAR 

oe AR 


OVERDRAW B BAR | 


CORRECTION- ee C AR 
D AR 
a AR 


I BAR 


MODIFY D AR + 1 | DAR | 


REDUCTION- coe a CAR 
D AR 
cel AR 


P BAR | 


ACCUMULATE QUOT tee oT pen so 


REDUCTION- COMP CAR 
| ADD D AR 
SCAN rae | 
aa AR 


| BAR | 


ACCUMULATE QUOT teat mete ee 


oo ee TTT 
ADD D AR 
SCAN A AR 
B AR 


BAR | 


ACCUMULATE QUOT ee Se 


REDUCTION- COMP CAR 
. ADD D AR 
— AR 


BAR | 


ACCUMULATE QUOT phe aoe 


REDUCTION- COMP A CAR 
7 ADD B D AR 


- SCAN . A AAR 
on Tea | AR 


OVERDRAW BAR _| AR 


Soe ON A | CAR | 
B D AR 


END OPERATION a 


SCAN A | AAR 
--2 Ae AR 


BAR _| 


Figure 16B. Divide Example 


Y lols lolels} 


QUOTIENT REMAINDER 


UNITS A 
TENS B 


UNITS A 
TENS B 


UNITS A 
TENS 8 


SHIFT 


UNITS A 
UNITS B 


UNITS A 
UNITS B 


UNITS A 
UNITS B 


UNITS A 
UNITS B 


UNITS A 
UNITS B 


UNITS A 
UNITS B 


MDL 
"TON il 
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Set Minus 


Sign Latch 
16.16.04 


Yas 


.~ Divide t 
: Instruction } — 


i Set: 
1 Units Latch 16.30.02 
First Scan Latch.12.30.03 
True Add B Latch 16.20.10 
Complement Latch 16.20.13 
Carry Latch 16.20.20. 


aa 7 Take an A Cycle 
y 16.42.01. 


Use CAR to Read Out 

Units Position 

A Field Character 
oF () 


: ~ Take a B Cycle 
16.42.01 


Yes Is the Units ~ No 


Latch Set? 
16.30.02 


Use DAR to Read Out 
Units Position B Field 


. Character 
- _-16,41.01 


‘Is the True o 
Complement 
Latch On?., 


True 


ls There a 
B Bit Over This: 
Character 


Do A andB Cheracters 
Have same Sign (Both 
Minus or Both Plus) ? 


Use BAR to Read Out 
B Field Character 


_16.41,01 


Set Carry Latch 
_ 16.20.20 


Regen: 
True or Complement Latch 
16.20.13 


True or Complement 
Add A and B Channel 
Characters in Adder 


Gate Adder Output 
Through Assembly to 
Storage 

16.40.02 


Ye 


First or Third Scan Latch 
16.43.01 


Yes ls There an | 
A Channel. 
Word Mark ? 


Set Extension Latch 
16.30.06 


Use AAR to Read Out 
A Field Character 
16.41.01 


5 POO 
\ 


Figure 17A. Divide 
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(a) from Figure 17A 


No(MQ) 


> c 
Yes / Is Extension 
a Latch On? 
True i True of Complement 
- Complement 
_ Latch On? 
Insert Zero on A Insert a 9 on A 
Channel Input to Channel Input.to 
Adder 16.20.11 Adder 16.20.11 
) 
Add A and B Channel 
Characters in Adder 
Gate. Adder Output 
Through Assembly to. 
Storage 
16.40.02 
Yes / Is There An. No 
Adder Carry ? 
Is True Or 
t T 
complemen! Complement Latch di 
~ On? 
Set True 
Latch Latch 
16.20.13 16.30.05: 
Set Units. Set MQ Latch Set Third-Scan 
Latch Latch 
16.30.02 16.30.05 16.43.01 


Set Third- 
Scan Latch 


16.43.01 


Figure 17B. Divide 


Regen First- 
or Third-Scan 


[Take an A Cycle 
16,42,01 


Use CAR to Read 


Out Units Position 
A Field Character 


16.41.01 


(A) to Figure 17A 


Regen True Latch 
16.20.13 


Inserta9onA 
Channel Input to 


Adder 
16.20.11 


Add B Channel 
Character 
+9 + Carry 


‘| Gate Adder Output to 
» Assembly ah 


Set Quotient Sign (As 
Determined By On State 
of Plus or Minus Latch) 
Over Char, and Gate Char 
‘and Sign to Storage 


Set Second-Scan 
Latch 
16.43.01 


Take a D Cycle 
16.42.02 


Use DAR to Read 
Out B Field 


Character 
16.41.01 


Set Third~Scan 


Latch 


Set Complement 


Set Carry Latch 


16.20.20 


a re Is True or Comple Conclewant 
ment Latch On? 


ncrease 
Quotient 
Digit by 1 


—|Set Divide 


End Operation; 
Start Inst Read-Out 


Regen Complement 


Latch 
16.20.13 


Insert a Zero on A 
Channel Input to 
Adder 


16.20.11 


Add B Channel - 
Character 


+ Zero + Carry 


Gate Adder Output 

Through Assembly To 
Storage 
16.40.02 


Yes Is There An | No. . 
Adder Carry? 


‘Set Carry 
Overflow Latch 


Latch 
16.20.20 


16.45.01 


Set Units Latch 


16.30.02 


Set Third-Scan 
Latch 
16.43.01 
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| General Data Instructions 


Eat 


\ 


When executing general data instructions, the cru 
‘manipulates data within core storage. General data 
instructions include move data, move characters and 
‘suppress zeros, edit, compare, and table lookup. 


Move Data Instruction 


The move data instruction causes the system to transfer 
data, either left to right or right to left, from the 


A-field to the B-field with or without word marks. Data 


are moved either by fields or records. When a data 
field is moved, the ee can be programmed 
to stop at: 

1. A word mark in the A-field. 

2. A word mark in the B-field. 

3. A word mark in either field. 
~ When a record is moved, the operation can be pro- 

- grammed to stop at: 

1. A record mark in the A-field. 


8-bit 


(Move data * A-bit only 


left to 


right) A- and B-bits 


No 8-bit 


(Move data 


right 


to left 


d-Character Control Bits en eee 


Transfer numeric portion of data field | restr numere pation doe eld fel. 


en a en 
Sn 
besciners reeneel Transfer word marks from A-field to B-field. 
pret | cam caveeareetee Scan for word marks, record marks, or group mark-word marks; 
transfer no data from A-field or B-field. 
 aaewsenee 


Stop transfer or scan at A-field record mark. 


B-bit only | Stop transfer or scan at A-field group mark-word mark. 


| Stop transfer or scan at A-field record mark or group mark-word mark. 


et ere ee 
RR A ne el ER 7 EP Soe eI a APO ESA a 


Se 
etre [ Servo assed ip 
re Oe Te 
ee 


2. A group mark-word mark in the A- Geld. 

3, Either a record mark or group mark-word mark in 
the A-field. | 

4, The first word mark sensed in either field. 


Instruction Formats 


Formats for the move data instruction are: 


OP CODE A-ADDRESS B-ADDRESS — D-CHARACTER | 
D : XXXXX XXXXX see Figure 18 
D XXXXX 
D 


The move data instruction causes the cpu to move 


characters from left to right or from right to left, 


serially by character, from the A-field to the B-field. 
The d-character in the instruction establishes the con- 
ditions that control the operation (Figure 18). 

The portion of the A-field transferred replaces only 
the corresponding portion of the B-field. If data are 
moved from left to right, the A-address specifies the 


Adare Registers after 
Move Operation ** 


[AR | AAR 


“Pre me 


DIEc 
Pest Poa | wa 


* When the A-bit d-character modifier is used in instructions to write programs on tape , the odd parity mode should be used. 


** See Appendix for list of abbreviations. 
Figure 18. d-Character Control Bits for Move Data Instructions 
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high-order position of the A-field; the B-address 


specifies the high-order B-field position. If data are 


moved from right to left, the A-address specifies the 
low-order A-field position; the B-address specifies the 
low-order position of the B-field. The position that con- 


tains the terminating character is moved or replaced 


as other characters in the field. 

If the move data instruction does not designate an 
A- or B-field address (no address chained instruction ), 
contents of the aar, BAR, and op-modifier register 


specify the A-field, B-field, and d-character, respec- 


tively, for the move data operation. If the move data 
instruction specifies an A-address and no B-address 
or d-character, the contents of the Bar and the op- 
modifier register designate the B-address and the 
d-character, respectively, for the move data operation. 


Scan Operation 


».The move data instruction, with the appropriate - 
_d-characters (no 1-, 2-, or 4-bit), is used for scan op- 


erations in which no data are transferred from the 
A-field to the B-field. The following example illustrates 
a scan operation: | 


INSTRUCTION: D 00520 00720 Y 


The most important results shown are the contents of 
the address registers after the operation. No data are 
transferred. The B-address must be part of the in- 
struction, even if, as in the example, the scan is for 
the first record mark in the A-field exclusively (the 
d-character, Y, has an A-bit). Because the scan is from 
left to right (the d-character, Y, has an 8-bit), the 
A- and B-addresses specify the high-order positions 
of the respective fields. 


A-field Before the Scan B-field Before the Scan 
| TLE] R) + 18)3 122] 


00520 00720 
AAR | BAR 


A-field After the Scan B-field After the Scan 
| TLE] RI: |$ 13/2] 1] 0] 


00524 00724 


CPU Operation 


During last instruction eth out cycle: 


1. The d-character in the op-modifier register is 


examined to determine whether the character contains 
an 8-bit. ea 

2. Op code grouping lines condition controls to 
execute a standard A-cycle first. 
If the d-character in the op-modifier register contains 
an 8-bit, the second scan control latch is set at next 
to last logic gate of last instruction read-out cycle. If 


the d-character in the op-modifier register does not 
contain an 8-bit, the first scan control latch is set. 

During A-cycles in the move data operation, the 
AAR addresses storage. The A-field character that the 
AAR specifies reads out of storage an is Seated into the 
A-data register. _ 

A B-cycle follows each A-cycle in ie operation. 
During each B-cycle, the character that the BAR speci- 
fies reads out of storage and is gated onto the B-chan- 
nel; the character in the A-data register is gated to the 
A-channel. The 1-, 2-, and 4-bits of the character in 
the op-modifier register condition assembly controls 
to replace designated portions of the B-channel char- 
acter with corresponding portions of the A-channel 
character. The resultant character is stored in the 
B-field in memory. 

During each B-cycle, the 8-, A-, and B-bit positions 
in the character in the op-modifier are examined to 
determine whether conditions to end the move data — 
operation are met. If conditions, that the d-character 
specifies to end the operation are satisfied, more A- and 


_ B-cycles are not executed, and the operation terminates 


when the present B-cycle is complete. 


Figures 19 and 20 show diagrammed explanations 
of cpu operation in the execution of the move data 
instruction. 

The following controls are active when the cru per- 
forms the move data operation: 


SIGNAL CONTROL Locic 

I. Initiate A-cycle and Ro first A-field character. 

Set A Cy Ctrl A Cy First Op Codes — 12.12.41 

Last Insn RO Cy 7 

A Cy Ctrl Set A Cy Ctrl, Next to ~ 12.12.20 
| | Last LG a 

A Cy A Cy Ctrl, LGB 12.12.01 

RO AAR A Cy Ctrl, LG Special A 14.71.30 


Read out AAR on A Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 


2. Set modifier controls according to 8-bit d-modifier. 


Set Ist Scan Ctrl Last Insn RO, Data Move 12.30.05 
Op Code | 4 

Op Mod Reg Not 8-Bit i 

Set Ist Scan Ctrl, Next to 12.30.03 


Ist Scan Ctrl 

Last LG . 
1st Scan Ist Scan Ctrl, LGC ~ 12.30.01 
Addr Mod Set to —1 —_Ist Scan ‘14.71.41 


NOTE: Second scan is set when operation modifier is 8-bit.. 
3. Set character into A-data register. 

Sw B Ch to A Reg A Cy, LGD 15.38.01 
4, Control A-cycle length. 


ARS D or T Op Codes Data Move Op Code 13.14.07 
Std A Cy Ops A Cy ARS D or T Op Codes, A Cy © 13.14.06 
Stop at F Std A Cy Ops, ACy > | 12.12.30 
5. Initiate B-cycle and ro first B-field character. 
~ Set B Cy Ctrl Std ACy Ops, ACy —«-12.19..44 
B Cy Ctrl Set B Cy Ctrl, Next to . 12.12.21 
Last LG » : | 
12.12.02 


B Cy : B Cy Ctrl, LGB 
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OF 


‘Move Data Inst 

: 13.13.05 
LIRO Cycle 
12.13.05 


Does Op Mod 
Reg Contain 
8 Bit 


Yes 


Set Second Scan 
Ctrl Latch 
12.30.06 


Set First Scan 
Ctrl Latch 
12.30.05 


Set Units 
Ctrl Latch 
16.30.02 


RO A Field Char 
14.71.30 
Take B Eycle ; 
12.12.44 ia 
RO B Field Char 
14.71.30 


No 1 Bit in Yes 
Op Mod Reg? 


| Use B Ch Numerics 
| 15.49.05 


No: 2Bitin  \Yes 
Op Mod Reg? 


; Use B Ch Zones 
a 15.49.05 
No 4 Bit in Yes 
‘Op Mod Reg? 


, Take A Cycle 
; 12.12.41 


_ Figure 19. Move Data 


low 
ee 
Sie eet 


Use A Ch Numerics 
15.49.03 


Data Move 
Take A Cycle 
12.12.46.1 


Regen Scan 
Ctrl Latch 
12.30.05 


Set Body Latch 
16.30.04 


Use B Ch WMS Use A Ch WM’S 
15.49.04 15.49.02 


Store 
Combined Char 
12.50.01 


A,B, or 8 Bit 
in Op Mod Reg? 
13.12.02 


| Yes 


Data Move Last 


8 Bit in : 
_ Op Mod Reg? serve Pie 
13.12.02 eb sath 


RO 


Next Instruction 


A or B Bit in 
Op Mod Reg? 
12.12.50 


Is There a WM\ 
Bit on BCh? ~ 
- 12.12.50 


Is There a WM 
Bit on A Ch? 
12.12.50 


‘Aor B Bit in 
Op Mod Reg? 
. 12.12.50 


Is There a 
GM-WM on 

ACh | 
12.12.50 


Record Mark 
on A Ch? 
12.12.50 


“Is There a WM 
on AorBCh? \Yes 
12.12.50 


yy 4 ae 


SYNC Sak 2 LOCATION PROGRAM 


a 00001 0010000200x 
Address switches 00013 | < eis C0018 2 Jooo01b 


00020 
00099 
00199 


LINE NAME LOGIC PAGE TEST POINT 


1, LOGIC GATES 
. LAST INSN £0. 12.13.05 IICIHI2G 
: were CTRL 12.12.20 rier 
4. ACYCLE P | ee 11C1H20C 


. R.O, AAR 14.71.30 1ICICIIG 


. SET STAR 14.17.16 11B2G26A 
“7. ASTSCAN CTRL 12.30.03. 11C1F23L 

_ 1ST SCAN 12,830.01 11C1E26A 

. B CYCLE CTRL : 12.12.21 11C1 A04B 

.BCYCLE © 12.12.02 HICIHI7C 


wR.O, BAR . 14.71.31 TICIHTH 
.AREGTOACH 15.38.02 11C3C17B 


. TAKE A CYCLE a 12. TIDIHI5F 


/LASTEXECUTIE = 12.12.50 11DIGISG - 
. HCYCLE te 12.12.04 11C1H22H 


. LOGIC GATES 


SIGNAL» » Contnor  Locrc 
ROB AR B Cy Ctrl, 1st + ond + ord 14.71.31 
Scan Ctrl | | 
RO B AR on Scan B Cy Ops _ 
Set Mem AR Gated LGA, 2nd CP 14.17.16 


6. Gate A-field character to A-channel. 


Gate ADataRegto BCy, A RegtoA Ch on BD 
A Ch : Cy Ops 5 


7. Set assembly unit controls according to operation 


15.38.02 


modifier ]-, 2-, and 4-bits. 


8. Read character into storage. 


Load Mem on B Cy | 
Op Codes, B Cy 


9. Control B-cycle length. 


Load Memory 12.50.01 


Lleol frlae Lefale rae le fale fr] god aale fale Fala leflef ofa ab le 


SIGNAL 
Stop at CY 


CONTROL Locic 


Stop at J on B Cy “19,1232 
Op Codes, B Cy 


10. Compare the 8-, A-, and B-bits of the operation 
modifier register with the A- or B-field character to 
determine end of operation. 


_ Data Move Take A Cy 12.12.40 
‘Data Move A Cy Ctrl Data Move Take A Cy | 12.12.41 | 
Set 7 7 
Set A Cy Ctrl B Cy, Data Move A Cy | 12.12.20 
. Ctrl Set, Data Move Op ; 
Code | 


When the A- or B-field character satisfies the operation 
modifier character stop condition, Data Move Take A-Cycle 
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ON 


SIGNAL _ | _ CONTROL 7 _ Logic © 


drops around the end of Logic Gate C or the beginning of Logic. | 


Gate D when the character is set into the B-Data Reg. Data 
Move Take A-Cycle prevents taking more A-cycles and a 
similar combination of the op mod character and A- and B- 
- field characters bring up Data Move Last Execute. 


Last Execute Cycle Data Move Last Execute 12.12.51 


Questions on’ Mave Data Operations 
Answers to these review questions are in the Appendix. 
1. What function does execution of the move data 
instruction accomplish? 
2. What characters are stored in the A-field after the 
move data operation is complete? — 


_ 3. What are the valid instruction a ier the 
move data instruction? 


4, In executing the move data instruction, does the 


cpu execute an A-cycle or B-cycle first? 


5. What bit position(s) in the d-character: 
a. Establishes the condition to terminate the move 
data operation? 
_ b. Determines the direction (left to right or right 
to left) in which data are moved? 


c. Determines the portion of the A-field character | 


transferred to the B-field?P 


_ 6. When the d-character contains an 8-bit, is the first 
‘scan control latch or the second scan control latch set? 


Move Characters and Suppress Zeros Instruction 


Instruction Formats 


Formats for the move characters and suppress Zeros 
instruction are: 


OP CODE A-ADDRESS B-ADDRESS 
| Z | XXXXX XXXXX 
Z XXXXX 
Z 


The move characters and suppress zeros instruction 
designates: 

‘1. The addresses of the low- order characters in the 
A- and B-fields, or 

2. The address of the low-order A-field, character; 
the contents of the BAR from the previous operation 
specify the low-order B-field character, or 

3. Neither the A- nor B-field (no address chaining). 
The contents of the aar and the Bar from the previous 
operation specify the low-order A- and B-field charac- 
ters, respectively. 


Description of Operation 


The move characters and suppress zeros Speraton ; 
transfers A-field data to the B-field. Zeros and commas 
to the left of the first (high-order ) significant digit 


42, 


in. ae A- field are denlated with bisa in the B-field; 


7 for example, 001206 in the A-field becomes bb 1206 in 


the B-field-after the move character and suppress zeros 
operation. In multiple field transfers, an A-field of 
60106@00. 25 becomes bb 106@bb.25 in the B-field. 


Zone bits in the units (sign) position of the B-field | 


are removed. | 
To execute the move charscies ere suppress zeros 


instruction, the cpu performs two scans. In the first 


scan, the cpu alternately takes A- and B-cycles to trans- 
fer all other A-field characters to the B-field except 
zones in the units position character and word marks. 
A word mark is generated and set over the units posi- 


tion of the B-field to define the low-order position of 


the field; B- field word marks are removed, and no 


other word marks are stored i in the B-field. The A-field 


must have a word mark over the high-order position 


' of the field; the first scan ends and the second scan 


begins when the A-field: word mark is sensed. At the 


_end of the first scan, only the units positions and the 
word marks in the A- and B-fields may differ. 


‘Because only B-field characters are processed in the 
second scan, the cpu takes B-cycles exclusively. Re- 
verse scanning is employed to read out B-field charac- 
ters. During the second scan, insignificant zeros and 
commas in the B-field are replaced with blanks. When 
the one B-field word mark (stored over the units posi- 
tion of the B-field during the first scan) is sensed, the 
move characters and suppress zeros operation ends. 


The Aar contains the original A-field address minus 
the number of characters in the A-field, and the BAR 
contains the original B-field address +1 when the op- 
eration ends. 


CPU Operation 


During last instruction read-out cycles, the first scan 
control, A-cycle control, and units control latches are 
set. To begin execute phase of the move characters 
and suppress zeros operation, the cpu takes a standard 
A-cycle first. The. low-order A-field character reads 
out of storage and is set in the A-data register. On the 


B-cycle following the first A-cycle, the units position 


of the B-field reads out of storage onto the B-channel, 
the character in the A- data register is gated to the 
A-channel. Because the units control latch is set, A- and 
B-channel characters are identified as units position 
characters of the respective fields. The assembly gates 
A-channel numerics, no zones, and a word mark to the 
units position of the B-field. The zero suppress latch 
is set during the first B-cycle, but the latch does not 
function to blank characters until the second scan. 


- On B-cycles executed while the first scan latch is set, 
A-channel characters are examined for a word mark. 


aa EN 


-_ 


eo 


If no Aedinnwel word mark is detected during the first 
B-cycle, the units latch is reset, and the body latch is 


7 


set. With the first scan and body latches set, the cpu 
alternately executes A- and B-cycles to read A- and 
B-field characters out of storage and transfer A-channel 


- zones and numerics to the B-field until an A-channel 
word mark is detected., B-channel zones, numerics, 


and word marks are replaced and do not affect the 
operation. 

When the A-channel word mark is detected, indicat- 
ing that all A-field characters have been processed, the 


_ first scan latch is reset; the second scan, MQ, and B- 
cycle control latches are set to initiate the second scan. 


The cpu executes B-cycles exclusively during the 
second scan, therefore, reverse scanning is employed 
to read out B-field: core storage positions for the second 
time in the operation. Because the BAR was modified by 
—1 on the last B-cycle of the first scan, the address in 


~~ the BAR at the end of the first scan is one less than the 
_address of the high-order B-field character. The ad- 


dressed character is read from storage onto the B- 


_channel, through the assembly, and back to storage 


intact on an edit skid cycle. The on status of the MQ 
latch identifies this special cycle and prevents the op- 
eration from ending at this point. During the skid 
cycle, the Bar is modified by +1 (second scan) to 
address the high-order B-field position, the extension 
latch is set, and the mg latch is reset. 

The cpu takes successive B-cycles to read out B-field 
characters. The zero suppress latch, set during the first 
B-cycle of the first scan, causes B-channel zeros and 


commas read before the first significant digit is de- 
tected to be replaced with blanks; other characters - 


are gated back to the B-field without changes. The 


first significant digit detected on the B-channel resets 
the zero suppress latch to prevent blanking significant. 


zeros and commas following the digit. 


If, after the zero suppress latch is reset, a B-channel 
character is found to be neither a significant digit (1 
through 9) nor a 0, comma, blank, minus sign, or 
decimal, the zero suppress latch is set again. For 
example, if the B-field contains the characters 
0010¢09%, the zero suppress latch is on when the two 
high order zeros are read, and the zeros are replaced 


with blanks. The zero suppress latch is reset when the 


first significant digit (1) is sensed, and the 0 following 


the 1 is not affected. Because the cent sign (¢) is not 


a significant digit, 0, comma, blank, minus sign, or 
decimal, the 0 suppress latch is set again. The 0 follow- 
ing the cent sign is replaced with a blank. When the 9 
is sensed, the zero suppress latch is reset, and the low- 
order 0 following the 9 is not blanked. The B-field 
changes from 0010¢090 to bb10¢b90 during the second 
scan. 


When the B-field word mark (stored over the units 
position of the B-field on the first B-cycle of the first 
scan) is. detected, indicating the end of the B-field: 

1. The word mark is stripped from the character. 

_ 2. The character is processed as other second scan 
B-field characters. a 

3. The move characters and suppress zeros operation 
ends. | 

Figures 21 and 22 show diagrammed explanations 
of cpu operation in the execution of the move charac- — 
ters and suppress zeros instruction. | | 

The following controls are active when the crv per- 
forms the move characters and suppress zeros oy 
tion: 


SIGNAL CONTROL . Locic 
1. Initiate A-cycle and Ro first A-field character. 
Set A Cy Ctrl A Cy Ist Op Codes 12.12.41 
Last Insn RO Cy © | 
A Cy Ctrl Set A Cy Ctrl, Next to 12.12.20 
~ Last LG : . ss 
A Cy A Cy Ctrl, LGB 12.12.01 
RO A AR A Cy Ctrl, LG Special A 14.71.30 — 
: Read out A AR on A Cy Ops = 
Set Mem AR Gated 


LGA, 2nd CP 14.17.16 
2. Set modifier controls to —1. | 


Set Ist Scan Ctrl Ist Scan Ist Op Code 12.30.05 
Last Insn RO Cy 


Ist Scan Ctrl Set lst Scan Ctrl, Next to 12.30.03 _ | 
| Last LG - 

Ist Scan | Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Set to -1 Ist Scan 14.71.41 

3. Set character into A-data register. | 
Sw B Ch to A Reg A Cy, LGD | 15.38.01 

4, Control A-cycle length. , 
Std A Cy Ops A Cy E or Z Op Code, A Cy 13.14.06 
Stop at F Std A Cy Ops, A Cy 12.12.30 


5. Initiate B-cycle and Ro first B-field character. 


Set B Cy Ctrl Std A Cy Ops, A Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to 12.12.21 
Last LG 
BCy B Cy Ctrl, LGB . 12.12.02 
ROB AR B Cy Ctrl, Ist + 2nd + 8rd =s-14..71.31 
Scan Ctrl 
. RO B AR on Scan B Cy Ops_ : 
- Set Mem AR Gated LGA, 2nd CP 14.17.16. 
6. Regenerate modify controls. 
Regen Ist Scan Ctrl § Std A Cy Ops, A Cy 12.30.05 


Ist Scan Ctrl Regen Ist Scan Ctrl, lst Scan 12.30.03 


Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Setto -—1 —_Ist Scan 14,71.41 
7. Gate A-field character to A-channel. 
Gate A Data Reg to BCy,A RegtoAChonB = 15.38.02 
A Ch Cy Ops 


8. Set assembly controls to eliminate zones and write _ 
a wo over the units position character. | 


Units Ctrl Latch © Last Insn RO Cy, Next to 16.30.02 

Last LG | ao. 

Units Latch Units Ctrl Latch, LGC 16.30.02 

Regen Units + Body Std A Cy Ops A Cy 16.30.01 
Ctrl 7 


_ General Data Instructions 43 


Move Char and Sup- 
press Zeros Instruction 7 


: Set Ist Scan Latch 
a 12.30.05 | 
Set Units Latch | 
16.30.02" 


Take an A-Cycle 
| 12.12.41 


RO A-Field Char 
14.71.30 


| Take a B-Cycle 
12.12.44 | 


RO B-Field Char 
| 14.71.31 


Units / Is the Units , Bod 
or Body Latch On? 


a | 17.13.01 
| 
17.13.01 
| Set Zero Suppress 


Latch 
17.12.03 


- Use A Ch Zones 
17.13.01 
Use No WMs | 
17.13.06 


Store AChNu | 
17.13.01 
‘ No Is there an A ChWM? \vYes 
12.13.414+44 


Regen Ist Scan Latch 


16.30.05 


Set Body Latch 
| 16.30.01 . 


Figure 21. Move Characters and Suppress Zeros 
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' | Set 2nd Sean Latch 
| | ag __ 12.30.06 
| = Set MQ Latch 
for a Skid Cy 


16.30.07 


Take a B Cycle 
12.12.44 
RO B Field Char 
14.71.31 | 
No Is This a 
Skid Cycle? 


‘No / Is the B Ch Char 
a Significant Digit ? 


Is the B Ch Char 
Yes i 
(,), 0, b, Ly (-)? } 
12,01 - 


Is the B Ch Char 
(,), 0, b, (.), (-) ? 


Is the Zero 
Suppress Latch On? 


Write a Blank. 
without WM 


17.13.05 


(b), (,) (0 


End Z Op, 
Start Instr RO 


17.13.08 _ 


Regen Ext Latch 


__16.30.06 


Regen 2nd 
Scan Latch 
12.30.06 


Set 
Extension Latch 


16.30.06 


Store B Ch Char 
Use B Ch WM 


17.13.03 


Yes 


Turn Off: Zero 
Suppress Latch 


17.12.03 


Set Zero Suppress 
Latch if Off ; 


17.12.03 


Store B Ch — 
Char without WM 


17.13.03 


No’ 
ee Is there a B Ch WM? = 


) 


~ % 


L 


1 


2. 


3 


4 


a 


N 


foe) 


_ 


15. 
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22. 


23. 


24, 


25. 


26. 


27. 


28. 
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Figure 22. Move Characters and Suppress Zeros Operation Timings 


SYNC 


31, 


Address Switches 00012 . 


INE NAME 6 


, Logic Gates 

: nC INSN R.O. 
A vO CTRL 

. ACYCLE 

»R.O. AAR 


» SET STAR 


. 1ST SCAN CTRL 
. 1ST SCAN 


. B CYCLE CTRL 


. BCYCLE 


« R,O, BAR 
. GATE "A" DATA REG TO "A" CH 


. UNITS CTRL 


. UNITS 


EDIT USE "A" CH NU 


. USE NO ZONES EDIT 
- ZOP WRITE COM (INVERTED) 


. BODY CTRL 


. BODY 
. USE ACH ZONES 


2 


2ND SCAN CTRL 


2ND SCAN 


MQ CTRL 


MQ 


EDIT SKID CYCLE (INVERTED) 


STORE B CH CHAR. 


EXTENSION CTRL 


EXTENSION 


- 0 SUPPRESS CTRL 


0 SUPPRESS 


WRITE EDIT BLANK 


USE NO WM EDIT 


LAST EXECUTE 


. LOGIC GATES 


LOGIC PAGE, 


Y 


12.13.05 


12.12.20 


12.12.01 


14.71.30 


14.17.16 


12.30.03 


12.30.01 


12.12.21 


12.12.02 


14.71.31 


15.38.02 


16.30.02 


16.30.02 


17.13.01 


17.13.01 


17.13.01 


16.30.04 


16.30.04 
17.13.01 


12.30.04 


12.30.02 


16.30.07 


16.30.07 


17.13.15 


17.13.03 


16.30.06 


16.30.06 


17.12.03 


17.12.03 


17.13.05 


17.13.06 


12.12.51 


TEST POINT 


VICIHI2G 


TICWJ1OD 


11C1H20C 


neice 


11B2G26C 


TICTF23L 


TICIE26A 


1101 A04B 


TICTHI7C 


TiCICIIH 


1IC3C17Bs 


11C2E21A 
11C2D16A 
11 D2FIOK 
11D2FO3C 
11D2G15F 


11€2€23C 


11C2G05A 
11D2G05C 


11€1G24B 


TICIE26C 
11C2C17F 
11C2B18A 
11D2K09A 


T1D2G08A 
11C2C16C 


11C2D16C 


1102F13D 
1102F10B 
11D2G08P 


11D2HO5P 


TTC1H23B 


00001 
00012 
00999 
01999 


ee 


= 


Fe 
< 

AE 
Pi 
Hr 
aa 
= 


am 


LOCATION . PROGRAM 


00001 bY ‘ 


_ 


0100002000 


ca 
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a) 
ae 
= 
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a 


IEE IP Gh ty Gy 
IG EEL SEG PICT Ey TL fe ir 
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EGU EE 
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_’ SIGNAL 


CONTROL 
-» Units Ctrl Latch Regen Units + Body Ctrl, 
- Next to LLG 


Units Latch 


ZOp B Cy Z Op Code, B Cy 

Edit Use A Ch Nu Z Op B Cy — Units ‘Latch 
Use No Zones Edit Z Op B Cy — Units Latch 
Z Op Write WM Z Op B Cy — Units Latch 


9. Read character into storage. 


Load Mem on B Cy 
Op Codes, B Cy 


10. Control B Cy Length. 


Load Memory 


Stop at J Stop at J on B Cy 
Op Codes, B Cy 
11. Initiate another A-cycle and ro next 
character. 
Set A Cy Ctrl on Z Op Edit Use A Ch Nu, A Ch 
Not WM 
Move Zero Sup Op Code 
Set A Cy Ctrl Set A Cy Ctrl on Z Op 
A Cy Ctrl . Set A Cy Ctrl, Next to 
Last LG 
A Cy A Cy Ctrl, LGB 
RO AAR A Cy Ctrl, LG Special A 
Read Out A AR on A Cy Ops 
Set Mem AR Gated LGA, 2nd Cp 


_ 12. Regenerate modify control. 


Regen Ist Scan Ctrl Set A Cy Ctrl on Z Op 

Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 
Ist Scan Ist Scan Ctrl, LGC 

Addr Mod Set to -1 Ist Scan 


13. Set character into A-data register. 
Sw B Chto A Reg A Cy, LGD 

14. Control A-cycle length 
Stop at F Std A Cy Ops, A Cy 


Locic. 
16.30.02 


(17.11.04 


17.13.01 


17.13.01 | 


17.13.01 


12.50.01. 


12.12.32 


A-field 


12.12.41 
12.12.41 
12.12.20 


12.12.01 
14.71.30 


14.17.16 


12.30.05 
12.30.03 
12.30.01 
14.71.41 


15.38.01 


12.12.30 


15. Initiate another B-cycle and ro next B-field 


character. 


Std A Cy Ops A Cycle E.or Z Op Code, A Cy 
Set B Cy Ctrl Std A Cy Ops, A Cy 


B Cy Ctrl Set B Cy Ctrl, Next to 
. 7 Last LG 
B Cy | B Cy Ctrl, LGB 
ROB AR B Cy Ctrl, Ist + 2nd + 38rd 
Scan Ctrl — 
| RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 


16. Regenerate modify controls. 


Regen Ist Scan Ctrl Std A Cy Ops, A Cy 

Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 
Ist Scan Ist Scan Ctrl, LGC 

Addr Mod Setto -1 Ist Scan 


17. Gate A-field character to A-channel. 


Gate A Data Regto _B Cy, A Reg to A Chon 
ACh | B Cy Ops 


18. Set assembly controls for next position. 


Set Body Ctrl Latch Set A Cy Ctrl on Z Op 

Body Ctrl Latch Set Body Ctrl Latch, Next to 
Last LG 

Body Latch Body Ctrl Latch, LCC 

Z Op B Cy Z Op Code, B Cy | 

Use a Ch Zones Edit Z Op B Cy, Body Latch 

Edit Use A Ch Nu Z Op B Cy, Body Latch 


0 Suppress Ctrl Z. Op B Cy, Z Op Write WM 


AG - 


13.14.06 
12.12.44 
12.12.21 


12.12.02 
14.71.31 
14.17.16 


12.30.05 
12.30.03 
12.30.01 
14.71.41 


15.38.02 


16.30.01 


16.30.04 


16.30.04 
17.11.04 
17.13.01 
17.13.01 
17.12.03 


SIGNAL 
0 Suppress © 
-0O Suppress Ctrl 


CONTROL 


0 Suppress Ctrl, LGC 

: 0 Suppress, Ist Scan _ 

Use No WM Edit ,0 Suppress, Z Op B Cy, » 
Hs | Ist Scan 

19. Read character into storage. 


- Load Mem on B Cy 
Op Codes, B Cy 


20. Control B-cycle length. 
Stop at J 


Load Memory 


Stop at J on B Cy 
Op Code, B Cy 


Locic 


17.12.03 
17.12.03 
17.13.06 


12.50.01 


12.12.32 


If the A- field character has no WM steps 11-20 are repeated 


until there is an A-Channel WM. 


21. Take another B-cycle and ro B-field character. 


Edit Set B Cy CtrlG Edit Use ACh Nu, ACh WM 12.12.44 
Move Zero Sup Op Code ~ | 
Set B Cy Ctrl Edit Set B Cy Ctrl G 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to 12.1221 
Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
ROB AR B Cy Ctrl, lst + 2nd + 3rd 14.71.31 
Scan Ctrl ee 
, RO B AR on Scan B Cy Ops ; 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
_ 22. Set modify controls to +1. 
Set 2nd Scan Ctrl — Edit Set B Cy Ctrl G 12.30.06 
2nd Scan Ctrl Set 2nd Scan Ctrl, Next to 12.30.04 
. Last LG 
2nd Scan | 2nd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto+1 2nd Scan 14.71.41 
_ 23. Set:skid cycle controls. | 
Set M Q Ctrl ‘Edit Set B Cy Ctrl G 16.30.05 
M Q Ctrl Lat Set M Q Ctrl, Next to Last LG 16.30.07 
M Q Latch M Q Ctrl Lat, LGC 16.30.07 
Edit Skid Cy M Q Latch, Z Op B Cy 17.13.15 
24. Store B-channel character. | 
Use B Ch WM Edit Skid Cy 15.49.04 
Store B Ch Char Edit Skid Cy 17.13.03 
Load Memory _Load Mem on B Cy Op Codes 12.50.01 


B Cy 


25. Take another B-cycle and ro B-field character. — 


Set B Cy Ctrl Edit Skid Cy 
B Cy Ctrl Set B Cy Ctrl, Next to 
Last LG 
BCy | B Cy Ctrl, LGB | 
ROB AR B Cy Ctrl, Ist + 2nd + 3rd 
Scan Ctrl 
RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 
26. Regenerate modify controls. 
Regen 2nd Scan Ctrl M Q Latch 
2nd Scan Ctrl Next to Last LG, Regen 2nd 
Scan Ctrl . 
2nd Scan 
2nd Scan 2nd Scan Ctrl, LGC 
Addr Mod Setto +1 2nd Scan 


12.12.44 
12.12.21 


12.12.02 


14.17.31 


14.17.16 


17.13.15 
12.30.04 


12.30.02 


14.71.41 


27. Set assembly controls to write blank if character 


is a comma or 0. 


Extension Ctrl Lat 
Extension Latch 
Not * Fill 

or FI Dol Ctrl 
Not * Fill or Fl Dol 


Extension Ctrl Latc, LGC 
Last Insn RO Cy, LLG | 


Not * Fill or Fl Dol Ctrl 


Edit Skid Cy, Next to Last LG 16.30.06 


16.30.06 
17.12.02 


17.12.02 


) 


i ¢ 
SIGNAL CONTROL _ Locic . 


Not (A Cy, Not. 
* Fillor Fl Dol Ctrl = * Fill or Fl Dol) 
(Z Op B Cy, Not 
~ * Fill or Fl Dol) 


17.12.02 


Not * Fill Float Dollar Sign, or Not 17.13.04 
* Fill or Fl Dol _ 
Blanked 0 or Comma _siEE or Z, 2nd Scan Extension 17.13.04 
0 Suppress, Not Decimal Ctrl 
Blank 0 or Comma, Not * Fill 
Write Edit Blank Blanked 0 or Comma 17.13.05 


If the character is a significant digit the assembly controls 


- are set to use the B-channel character. 
- Stor B Ch Char 


2nd Scan, Z Op B Cy, 17.13.03 
Not Comma 
Not Blank, Not 0 
When a significant digit is read out, zero suppress control is 
turned off to prevent any more zeros from being blanked. 
Steps 25 eee 27 are nepeaten until a B-channel WM is 
read out. 


28. Initiate Insn Ro. 


2nd Scan, Extension Latch, 12.12.51 
E or Z Op Code, Not 
* Fill or Fl Dol 


Not Decimal Ctrl, B Ch WM 


Last Execute Cy 


Questions on Move Characters and Suppress 
Zeros Operation. 


Answers to review questions are in the Appendix. 
1. What operations are accomplished in the success- 


ful execution of a move characters and suppress zeros 
instruction? 

2. When are A-field zones not moved to the B-field? 

3. Why is a skid cycle executed? 

4. When is the zero suppress latch set during the 
second scanP 

5. When does first scan end and the second scan 
begin? 

6. If a move characters and suppress zeros instruc- 
tion designates an A-field containing 0.0061 and a 
B-field containing 1 169, what characters do the A- and 
B-field contain at the end of the operation? 


Edit Instruction 


The edit instruction for the 18m 1410 Data Process- 
ing System causes all desired commas, decimals, dollar 
signs, asterisks, credit symbols, and minus signs to be 
automatically inserted in the designated numeric out- 
put field. The edit operation also eliminates insig- 
nificant zeros and commas in the output field. Thus, 


editing in the 1410 is the automatic control of zero 


suppression, inserting of identifying symbols, and 
punctuation of an output field. 

To perform the edit operation, two fields are re- 
quired: the data field and the control field. The data 
field contains data to be edited for output. The control 


field establishes the conditions that control the edit 
operation. 7 

The control field is divided into two parts: the body 
(used for punctuating the data field) and the status 
portion (contains the special characters). The body of 
the control word begins with the rightmost 0 or blank 
and ends when the data field word mark is sensed. 
Other characters in the control (before the low-order 
0 or blank and after the data field word mark is de- 
tected ) make up the status portion of the word. 

An edit operation requires two instructions. The 
move data instruction is used to transfer the control 
word (with word mark) to the output area; the edit 
instruction moves data to the output area and performs 
the editing function. 


Instruction Formats 


Formats for the move characters and edit instruction 
are: a. 3 


OP. CODE A-ADDRESS B-ADDRESS 
E XXXXX XXXXX — 
E XXXXX 
E 


The data field (A-field) is modified by the contents 
of the edit control field (B-field), and the results are 
stored in the B-field. A- and B-addresses in the in- 
struction designate memory locations of low-order 
characters in the respective fields. When the instruc- 
tion designates only the A-address, the contents of the 
B-address register from the previous operation specify 
the low-order character in the B-field to be used in 


the edit operation. When the instruction does not 


specify an A- or B-address, the contents of the A- 
address register and the B-address register from the 
previous operation specify the low order A- and B-field 
characters. 


Word Marks 


Word marks must be set in the high-order A- and 
B-field positions to define the end of the fields. When 
the A-field word mark is sensed, the remaining commas 
in the B-field are set to blanks. No A-field characters 
are transferred to the B-field after the B-field word 
mark is sensed. The data field can contain fewer, but 
should not contain more, positions than the number of 
blanks and zeros in the body of the control word. 


Editing Specifications 


All numeric, alphabetic, and special characters can be 
used in the control word. However, some characters 
have special meanings: 
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_ CONTROL CHARACTER FUNCTION 

b (blank) - Replaced with the character from the 

a corresponding position of the A-field. 

Used for zero suppression. Replaced with 
a corresponding character from the A-field, 
The rightmost 0 in the control word indi- 
cates the rightmost limit of zero BIRD IES: 
sion. 


0 (zero ) 


. (decimal ) 
where written, unless decimal. control was 
not in effect, and the data field did not 
contain a significant digit. . 

Undisturbed in the output data field in 
the position where written, unless zero 


, (comma) 


_ suppression takes place and no significant — 


numeric character is found to the left of 
_the comma. 


Body portion: Undisturbed in the position 
where written. 

Status portion: If sign of the data field 
is positive, the positions containing CR 
are replaced with blanks. If the sign 
of the data field is negative, positions 
containing CR are undisturbed in the 
output field. | 

Same as CR (credit). | | 

Causes a blank space in the output field; 

can be used in multiples. _ 

Status portion: Undisturbed in the posi- 
tion where written. 

Body. portion: Replaced by an A-field 
character. If 0 preceded the asterisk, 
asterisk fill is requested. 


Status portion: Undisturbed in the. posi- 
tion where written. 

Body portion: Replaced by an A-field 
character. If 0 preceded the dollar 
sign, floating dollar operation is re- 
quested. | 


CR (credit ) 


— (minus) 
& (ampersand) 


* ( asterisk ) 


$ (dollar ) 


Zero Suppression | 

Zero suppression is the deletion of unwanted zeros and 
commas to the left of significant digits in an output 
field. The following example of zero suppression in 
editing illustrates this operation: _ 


Example: 
A-field _ 6010900 
Control word ( B-field ) $bb,bb0.bb 
Forward scan $00,109.00 
Reverse scan $bbb109.00 


Results of edit | $ 109.00 


A special 0 is placed (in the body of hs control 
word) in the rightmost limit of 0 suppression. 


FORWARD SCAN 


1. The positions in the output field at the right of 
this special 0 are replaced by the corresponding digits 
from the A-field. 

2. When the special 0 is detected in the control field, 
it is replaced by the coresponcine digit from the A- 
field. 

3. A word mark is automatically set in | this acs 
of the B- oe field. 
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Remains in the edited field in 1 the position - 


; “4, The scan continues until the B-field (high-order ) 
word mark is sensed and removed. ! 


REVERSE SCAN 


1. All zeros and punctuation at the left of the first. 
_ significant character (up to and including the zero 


suppression code position) are replaced with blanks 
in the output field. | 

2. When the automatically set zero suppression word 
mark is sensed, it is erased and the operation ends. 


Asterisk Protection | 

When it is necessary to have asterisks appear at the 
left of significant digits, the asterisk protection feature 
is used, The control word is written with the asterisk 
in the body to the left of the zero suppression code 
(if the asterisk appears in the body to the right of the 
zero suppression code, it is treated as a blank). The 


following example illustrates the asterisk protection 


feature: 
Example: 
A-field | 00257426 
Control word ( B-field ) bbb,b*0.bb&CR 
Forward scan 002,574.26 CR 
Reverse scan **9.574.26 CR . 
Results of edit — **9 574.26 CR 


FORWARD SCAN _ 

1. The normal editing process proceeds until the 
asterisk is sensed. 

2. The asterisk is replaced (in the output field) by 
the corresponding digit from the A-field. 


3. The editing process continues normally until the 
B-field word mark is sensed and removed. 


REVERSE SCAN 


1, Zeros, blanks, and punctuation to the left of the © 


first significant digit are replaced by asterisks. 

2. The word mark (set during the forward scan) 
signals the end of the edit operation; the word mark 
is removed. 


Note: Asterisk protection and floating dollar sign cannot be 
used in the same control word. 


Floating Dollar Sign 


The floating dollar sign feature causes the insertion of 
a $ in the position to the left of the first significant digit 


in an amount. The control word is written with the $ in 
the body to the left of the zero suppression code (if 


the $ appears in the body to the right of the zero 
suppression code, it is treated as a blank). Three scans 
are necessary to perform the edit operation when the 
floating dollar sign feature is employed. The following 
example illustrates the operation of the floating dollar 
sign feature: 


Example: 
A-field 00257426 
- Control word (B-field ) bbbb $0. bb 
First forward scan b002,574.26 
Reverse scan bbb2,574.26 
Second forward scan $2,574.26 
‘Results of edit $2,574.26 


FIRST FORWARD SCAN 


1. The normal editing process proceeds until the $ 
is sensed. 

2. The $ is replaced (in the output field) by the 
corresponding digit from the A-field. 

3. Editing continues until the B-field work mark is 
sensed and removed. | 


REVERSE SCAN 


1. Zeros and punctuation to the left of the first sig- 
nificant digit are replaced by blanks. | 

2. The reverse scan continues until the word mark 
(set during the first forward scan) signals the start of 
the second forward scan; the word mark is erased. 


SECOND FORWARD SCAN 


The second forward scan continues until the first blank 


position is sensed. This blank position is replaced by $, 


and the operation ends. 


Note: Floating dollar sign cannot be used at the right of the 
decimal point, or when asterisk protection is used in. the con- 
trol word. 


Sign Control Left 


cr (credit ) or — (minus) symbols can be placed at the 
left of a negative field. The control word is written 
with the cr or — symbol in the high-order status posi- 


tion. The following example illustrates sign control 


left operation: 


Example: 
A-field (0378940 
Control word (B-field) CR&bbb,bb0.bb 
Forward scan CRb003,789.40 
Reverse scan CRbbb3,789.40 
Results of edit CR _ 3,789.40 


FORWARD SCAN 


1. The scan proceeds until the zero suppression code 
0 in the control field is sensed. 

2. The corresponding character from the A-field is 
placed in this position of the output field. 

3. A word mark is automatically inserted in this 
position in the output field. | 

4, The scan proceeds until the B-field word mark is 
sensed, indicating the om of the body of the con- 
trol word. 

5. The cr (credit) or — (minus) symbols are undis- 
turbed in their corresponding positions in the output 


field if the sien of the A-field is minus. If the sign of 


-the A-field is plus, the cr or minus symbol is blanked. 


REVERSE SCAN 


1. Zeros and punctuation are replaced with blanks 
in the output field. The scan continues until the auto- 
matically set word mark is sensed. 

2. The automatically set word mark is erased and 
the operation ends. 


Decimal Control 


The decimal control feature insures that decimal points 
print only when there are significant digits in the 


A-field. The control word is written with a decimal 


point in the body to the left of the zero suppression 
code 0. Two scans are sufficient to complete the edit 
operation using the decimal control feature unless the 
field contains no significant digits; in this case, three 
scans are required. The following examples illustrate 
decimal control operation: 


Examples: | 
1. A-field 00000 
Control word (B-field) —  bbb.b0 
First forward scan 000.00 
Reverse scan bbb.00 
Second forward scan bbbbbb 
7 Results of edit (blank field ) 
2, A-field 29437 
: Control word (B-field ) bbb.b0 
Forward scan 294,37 
Reverse scan 294.37 
Results of edit 294.37 


FIRST FORWARD SCAN 


1. When the zero suppression code 0 is sensed dur- 
ing editing, this position is replaced by the correspond- 
ing digit from the A-field. 

2. A word mark is set automatically in this position 
in the B- (output) field. | 

3. Editing continues normally until the B-field word — 
mark is sensed and erased. 


REVERSE SCAN 


1. Zeros and punctuation are replaced with blanks 
in the output field until the decimal point is sensed. 

2. The decimal point and the digits at the right are 
not changed. The automatically set word mark is 
erased. If there are no significant digits in the field, 
the second forward scan is initiated; otherwise, the 
edit operation stops. | 


SECOND FORWARD SCAN 


1. The zeros at the right of the decimal point, and 
the decimal point itself, are replaced with blanks. 
2. The operation stops at the decimal column. 
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CPU Operation 


During last instruction read-out cycle, the first scan 
and units latches are set, and controls are conditioned 
to execute a standard A-cycle first. In the first A-cycle, 
the character stored in the units position of the A-field 
reads out of memory and is gated into the A-data reg- 
ister. Because this low-order A-field character contains 
the sign of the A-field, the plus or minus latch is set. 

After the A-cycle, the cpu executes a B-cycle to 


_ read out the low-order B-field character. If the units 


position B-field character is not a blank, 0, & cr, or —, 


or if the character is cr, or — and the minus latch is 
set, the character is returned unchanged to the low- 
order B-field position. If the character is &, a blank is 
returned to the B-field. Because the B-field character 


_ is neither a 0 nor a blank, the character is recognized 


~~ 


as part of the status portion of the control word (B- 
field); another B-cycle is required to read out the 


_ next B-field character. If the next character is not a 0 


or blank, indicating that it, too, is part of the status 
portion of the control word, the same conditions de- 
termine whether the character or a blank is returned 
to the B-field. The cpu executes successive B-cycles to 
read out and return characters to the B-field until the 
first 0 or blank is sensed. 

The first B-field 0 or blank indicates the end of the 
status portion and the beginning of the body of the 


control word (a 0 or blank may be sensed on the first 


B-cycle). The first B-field 0 or blank resets the units 


latch, sets the body latch, and stores the numerics in 


the A-field character (set in the A-data register during 
the first A-cycle) in the B-field. B-field characters read 
while the body latch is set are in the body of the 
control word. 

When the first B-field 0 is sensed, the zero suppress 
latch is set, and a word mark is automatically set over 
the A-field character returned to the B-field during that 
B-cycle. 

With the first scan and body latches set, the cpu: 

1. Returns the B-channel character to the B-field if 
the character is not 0, blank, *, $, or &. 

2. Writes a blank in the B-field if the B-channel 
character is an & sign. 

3. Stores the A-channel character if the B-channel 
character is a blank or 0. | 


4. Sets the * fill or floating dollar latch if the B- 
channel character is an * or $ and the zero suppress 
latch is set. The A-channel character is stored in the 
B-field. 

A word mark is gated to the B-field only when the 
low-order 0 in the control word is sensed. _ 

If the B-channel character is returned to the B-field 
on a B-cycle, the cpu executes another B-cycle to read 
out the next B-field character immediately. If the 
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A-channel character is stored in the B-field on a B- 
cycle, the cpu executes another A-cycle, then another 
B-cycle to read the next characters in sequence from 
the A- and B-fields, respectively. A B-cycle always 
follows an A-cycle. However, an A-field character 
stored in the A-data register on an A-cycle might re- 
main in the register until the cpu executes several 
B-cycles. : 


If the A-channel word mark, indicating the end of. 


the A-field, is sensed before the B-channel word mark 
is detected, the body latch is reset, and the extension 
latch is set. The cpu executes successive B-cycles to 
read out the remaining characters in the control word 
(B-field). Either the same characters read or blanks are 
returned to the B-field. B-channel characters are read 
while the first scan and extension latches are set in 
the status portion of the control word. The B-channel 
word mark indicating the end of the B-field terminates 
the first scan. Other A-field characters are not processed 
after the B-channel word mark is detected. For this 
reason, the A-field should not contain more characters 
than the number of blanks and zeros in the body of 
the control word. 
_ If the zero suppress latch is not set when the B-field 
word mark is sensed, the first scan and the edit opera- 
tion end (no zeros in the control word). If the zero 
suppress latch is set when the B-field word mark is 
detected, the second scan (reverse scan) is initiated. 
The cpu executes B-cycles exclusively during the 
second scan. Because the BAR was modified by —1 on 
the last B-cycle of the first scan, the BAR addresses 
the low-order character in the next field when the 
second scan begins. The cpu performs a skid B-cycle 
to read out and return the character to its storage posi- 
tion unchanged. The ow states of the second scan and 
MQ latches, set at the end of the first scan, identify the 


first B-cycle of the second scan as the skid cycle. The © 


MQ latch-is not regenerated when the skid cycle is 
complete. The extension latch is set during the skid 
cycle. 

In the second scan, all insignificant zeros and 
commas (zeros and commas to the left of significant 
digits) are set to blanks or, if the asterisk fill latch is 
set, replaced with asterisks. The first significant digit 
(1-9) encountered in the second scan resets the zero 
suppress latch. If the zero suppress latch is not reset 
when a decimal is sensed, the decimal control latch is 
set, canceling the blanking effect of the zero suppress 
latch. When either the zero suppress latch is reset or 
the decimal control latch is set, zeros and commas in 
the B-field are not replaced with blanks or asterisks; 
for example, a B-field containing 000.01 at the end of 
the first scan becomes bbb.01 during the second scan 
rather than bbb.bl. If a character that is not a signifi- 
cant digit (1-9), blank, comma, 0, minus sign or deci- 


mal is encountered after the zero suppress latch is 


reset and before the decimal control latch is set, the 
zero suppress latch is set again. Zeros and commas 
sensed before the next significant digit are replaced 
with * or blanks; for example, a B-field containing 
000100bcarsbb00200,000.75 after the first scan becomes 
100 cars 200,000.75 during the second scan if the 
asterisk fill latch is off. 

Recall that in the first scan, a word mark was set 
over the B-field location containing the low-order 0 in 
the control word. If the decimal control and zero sup- 
press latches are set when the word mark is sensed 
and the character read out with the word mark is not 
a significant digit (1-9), a third scan is started; for 
example, if the B-field contains 000.00 at the end of the 
first scan and bbb.00 at the end of the second scan, a 
third scan is initiated when the B-cycle, during which 
the 0 is processed, is complete. Remember that the 
decimal control latch does not reset the zero suppress 
latch, but rather, it cancels the zero blanking effect of 
the zero suppress latch. 

The edit operation is terminated at the end of the 
second scan if the floating dollar latch is off and either: 


1. The decimal control or zero suppress latches are 
off when the B-field word mark is sensed, or 


2. The character read out of storage with the word 
mark is a significant digit. If the floating dollar latch 
was set during first scan, a third scan is required re- 
gardless of conditions established during second scan. 

The cpu executes B-cycles exclusively during the 
third scan (forward scan). Because the BAR was modi- 
fied by +1 on the last B-cycle of the second scan, the 
BAR addresses the character to the right of the desired 
position when the third scan begins. The cpu performs 
a skid B-cycle to read out and return the character to 
its storage position unchanged. The on states of the 
third scan and mg latches, set at the end of the sec- 
ond scan, identify the first B-cycle of the third scan as 
the skid cycle. The mg latch is not regenerated when 
the skid cycle is complete. The extension latch is set 
during the skid cycle. 


If the zero suppress latch is set, zeros processed 
during the third scan are replaced with blanks or, if 
the asterisk fill latch is set, with asterisks. 


If the decimal control and zero suppress latches are 
set when a decimal is sensed during third scan, the deci- 
mal is replaced with a blank or asterisk, and the edit 
operation ends; for example, if the B-field contained 
000.00 after the first scan, and bbb.00 after the second 
scan, the field is blanked (bbbbbb) at the end of the 
third scan. The edit operation is complete when the 
decimal is read out and replaced with a blank. 


If the decimal control latch is set and the zero sup- 
press latch is reset when a decimal is detected during 


third scan, the decimal is returned to the B-field, and 


the edit operation ends. | 

If the floating dollar latch is set, a $ replaces the 
first B-field blank detected on third scan and terminates 
the edit operation; for example, if the floating dollar 
latch was set during first scan and the B-field con- 
tained 100bcarsbbbb200,000.75 at the end of the second 
scan, the B-field contains 100bcarsbbb$200,000.75 at 
the end of the third scan. The operation ends when 
the $ is stored in the B-field. 

If both the floating dollar and decimal control 
latches are set, the third scan and the edit operation 
are complete when either a decimal or blank is read 
out of memory and the appropriate character is re- 
turned to the B-field. 

Figure 23 is a step-by-step editing process of a se- 
lected example. Figures 24 and 25 show diagrammed 
explanations of cpu actions in the execution of the 
move characters and edit instruction. 

The following controls are active in the move char- 
acters and edit operation: 


SIGNAL CONTROL Locic 


1. Initiate A-cycle and ro first A-field character. 


Set A Cy Ctrl A Cy First Op Codes 12.12.41 
Last Insn RO Cy 

A Cy Ctrl Set A Cy Ctrl, Next 12.12.20 

to Last LG 

A Cy A Cy Ctrl, LGB 12.12.01 

RO AAR A Cy Ctrl, LG Special A 14.71.30 
Read out AAR on A Cy Ops 

Set Mem AR Gated LGA, 2nd CP 14.17.16 


2. Set modifier controls to — 1. 


Set 1st Scan Ctrl Ist Scan First Op Code 12.30.05 
Last Insn RO Cy 

Ist Scan Ctrl Set Ist Scan Ctrl, Next 12.30.03 
to Last LG 

Ist Scan Ist Scan Ctrl, LGC 12.30.01 

Addr Mod Setto ~1 ~—_Ist Scan 14.71.41 

3. Set sign latch. 

Units Ctrl Latch Last Insn RO Cy, Next 16.30.02 
to Last LG 

Units Latch Units Ctrl Latch, LGC 16.30.02 


Plus/Minus Sign Latch A Cy, Units Latch, E or Z 16.16.04 
Op Code, B Ch Plus/ 
Minus, Last LG 


4, Set character into A-data register. 
Sw B Ch to A Reg A Cy, LGD 15.38.01 
5. Control A-cycle length. 


Std A Cycle Ops, A Cy E or Z Op Code, A Cy 13.14.06 
Stop at F Std A Cy Ops, A Cy 12.12.30 
6. Initiate B-cycle and ro first B-field character. 
Set B Cy Ctrl Std A Cy Ops, A Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next 12.12;21 
to Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
RO BAR B Cy Ctrl, lst + 2nd + 3rd 14.71.31 
Scan Ctrl 

RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 


7. Regenerate modify controls. 
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A~address 2 B-address 


Edit Instruction 


12163) See . 04685 


—_ . 
a) a A-field (data field) | B-field icant word) 
Syorage 0257426 | : Sbbb ,bb0. bb&CRE** 


. -field _ . B-field 
Result of Edit Op - | 0257426 e $ 2,574.26 
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Figure 23A. Step-By-Step Editing Process 
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Figure 23B. Step-By-Step Editing Process 
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Store A Ch Num 
a _ No Zones 


17.13.01 . 


The Sign of This \° 
Char is Stored While 

Still on the B Ch 
to Save Time 


S Or Extensions Latch 
Use A AR to RO 


_ A Field Character 


7 ok 
167138 Regen Ist Scan Latch 
| 16.30.05 


Plus Is the B Ch Minus 
Plus or Minus? 


Set Plus Latch Take a B Cycle 
RO B Field Char 

14.71.31 is 

Yes _(1s the BChChar a (0)?)—S° 


(A) Yes (Is There an aCh WM? ise 


To Figure 24B 


o> 3 & QO °C 
on oe 7 F : — - : Store a Ch 
Set Ist Scan Latch store B . ~ 4 Writea Blank — | Store A Ch Char Char Without WM: 
: caer His Pee ie 1861 ~\ Unless Ist 0 Char 
: 12.30.05 ARLE 7: ae in B Field 
. Set Units Latch . 8 
’ No Yes ‘ 
- 16.30.02 Is There a B Ch WM? es (|. There a B Ch WM? )-No 
Take an A Cyc , 
12.12 ‘i . Ey Grea ath Yes Ist bey h 
212. its, Body, Suppr Latch On? a) 2ONn ale 
7 | Regen Units, Y PP 16.30.05 
No Is the 0 
Suppr Latch On? 
End Edit Set. 
Start Inst RO Extension Latch 
17.13.08 16.30.05 


Set Body Latch 
16.30.01 | 


Take'an A Cycle |. 
12.12.41 
RO A Field Character | 
14.71.30 


2 Is the Units Latch On? No 
Is the Body or Bod 
Ext Latch On? 
Is the B Ch Char a Yes No/ Is the B Ch Chara \ Yes 
(b) (0) (*) ($) (&)? 


(C)(R) (-) (,)or &)? @ 
(,) (&) (&) Is the BCh Char \*) (b) (0) ($) 
: Pyaar ease (2) (0). (6) (*) ($) or (8) 


7 *) ($ Is theB Ch Char 0) (b 
ire @ (0) (b) or (*) (8)? 
Minus Latch On? 
i Is the 0 


Suppr Latch On? 


/ Is the * Fill 
Or FI $ Latch On? 


Is the B Ch 
Char (*) or ($)? 


Set Float $ Latch Set * Fill Latch 
17.12.05 17.12.05 


Figure 24A. Edit, First Scan 
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# When decimal control is used, the control zero 


(A) ‘From Figure 24A & (6) 
Set 
2nd Scan Latch 5 
12.30.04 


Set MQ Latch 


For Skid Cycle | 
16.30.07 : No Is There a B Ch WM? Yes 


Write a Blank Write an* 
Without WM - _ Without WM 
17.13.05 17.13.05 


Store B Chi © 
Char Without WM 


No/ Is the Fl$ or Dec \Yes 
Ctrl Latch On? 
Regen Ext Latch 
16.30.06 
Regen . 
, 2nd Scan Latch Is B Ch Char a Zero 
12.30.06 
Is Thisa Skid Cycle? \N2 
Instruction Check 
‘Set Extension Latch Is the B Ch N 
o ~ 


Take a B Cycle 


N 
\ 


12.12.44 No 


(Dec) Is FI$ latch On? 
17.12.05 


No 


RO B Field Character 
14.71.31 


Is the 0 Suppr Latch On? 
17.12,03 


Is the B Cha Sig Digit? 


Ye a pees ; 
16.30.06 Char a Sig Digit? 17.12.01 | To 
17.12.01 | Figure 24C 
Py itr o see Yes End Edit Operation, 
: ae Start Inst RO 
Store B Ch Char Turn 0 Suppr Latch Off 
7.13.05 17.12.03 
Is the B Ch Char b) (,) (0) 
(b) (,) (0) or (-) (.)? | 
Regen 2nd Scan Latch Dec Control On? — Is the O Suppr Latch On? Be 


12.30.06 17.12.04 


Is the B Ch .) No Is the Dec 
Char (-) or (.)? Cirl Latch On? 
17.12.04 


Set 0 Suppr Latch if Off 
17.12.03 


Yes 


N : 
= Is the * Fill Latch On? ; @ 
17.12.05 , 


Is Zero Suppr Latch On 
17.12.03 


ae 


Set Dec Ctrl Latch (6) 
17.12.04 


position must contain a digit 0 through 9, or 
assembly channel errors and/or an instruction check can result. 


Figure 24B. Edit, Second Scan 
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ot owes 


Regen Ext Latch 
16.30.06 


Store B Ch Char 
17.13.03 


Regen 3rd Scan Latch 


12.30.06 


| Set Extension Latch 


16.30.06 


Write an * 


17.13.05 


From Figure 24B - 


| Set 3rd Scan Latch | — 


Set MQ Latch 


for Skid Cycle 
16.30.07 


Take a B Cycle 
12.12.44 


RO B Field Char 


14.71.31 


Is this a No 
Skid Cycle? 


*Fill * Fill or Fl FI$ 
Doll Latch On?” 


No_/B Ch Char A 0 b(.) ? 


Regen Ext Latch 


16.30.06 
Regen 3rd Scan Latch 


12.30.06 


Yes - 


b B Ch Char 0 (.) 
bor 0 (.) ? 


FI $ Latch On? 


Write a $ Sign 


End Edit 
Start Inst RO 


_#When decimal control is used, the control zero position 
must contain a digit 0 through 9, or assembly channel 
errors and an instruction check can result. 


Figure 24C. Edit, Third Scan 
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0 B Ch Char 
0 or (.) ? 


Decimal Control No 
Latch On? 
17.12.04 


No Zero Suppress Vas 


Latch On? 
17.12.03 j © 


B Ch Char ; No er Yes 
Dore Fill Latch On? 


Write an * 


Store B Ch Char 


17.13.05 


17.13.03 


Write a Blank 


17.13.05 


Last Execute Cycle 


17.13.08 


SYNC 


Address Switch 00012 


LINE NAME LOGIC PAGE 


. LOGIC GATE-B 1.10.11 | 
_ LAST INSN R.O. 12.13.05 


_ A CYCLE CTRL 7 12.20 


4, ACYCLE 12.01 
. 1ST SCAN CTRL - 30.03 


6. 1ST SCAN 
7, UNITS CTRL 


» UNITS 
. PLUS SIGN L. 


. B CYCLE CTRL 


.BCYCLE | 
. GATE A DATA REG TO A CH. 


. STORE B CH. CHAR. 
. WRITE EDIT BLANK 


. NOT 0 SUP CTRL 


.. NOT 0 SUP 


. USE NO ZONE 


. EDITUSE A CH. NU, 
. E OP WRITE WM 


. O SUP CTRL 


. 0 SUP 
. BODY CTRL 


. BODY 
. USE A CH. ZONES 


. EXTEN, CTRL .30.06 
. EXTEN, | .30.06 


_ FLOAT DOLLAR SIGN 12.05 


.2NDSCAN CTRL. 30.04 
. 2ND SCAN .30.02 


. MQ CTRL 16.30.07 


. MQ 16.30.07 


. EDIT SKID CYCLE (INVERT) 17.13.15 


3. 3RD SCAN CTRL 12.30.04 
. 3RD SCAN 12.30.02 


35. SET DOLLAR SIGN (INVERT) 17.13.06 


. LAST EXECUTE 12.12.51 


.L.G.B. 11.10.11 


Figure 25. Edit Operation Timings 
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SIGNAL: . CONTROL Locic 

Regen Ist Scan Ctrl Std A Cy Ops, A Cy 12.30.05 
Ist Scan Ctrl 
Ist Scan ~ Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Set to —1 Ist Scan 14.71.41 


r 8. Gate A-field character to A-channel. 


Gate A Data Reg B Cy, A Reg to AChonB 15.38.02 
toACh © 
-Cy Ops 
9. Set assembly Sea according to B-channel 
character. 


~ Regen Units + Booy - Std A Cy Ops A Cy 16.30.01 
~ Ctrl 
Units Ctrl nae 


Regen Units + Body Ctrl, 16.30.02 
Next to Last LG | 

Units Latch 

Units Latch Units Ctrl Latch, LGC 16.30.02 
If B-channel character is not a blank, minus sign, C, R, &, 

_ or 0; store the B-channel character. 


Credit or Not U Ctrl Units Latch, EOp* BCy 17.13.02 


Char 
Not Blank, Not Ctrl 0, Not 
C Char, Not R Char, Not 
. Minus Symbol, Not Space 
Store B Ch Character Credit or Not U Ctrl Char 17.13.03 
If B-channel character is a C, R, or Minus sign, the sign latch 
determines what is stored. 
Credit or Not U Ctrl ~=Units Latch, E Op * B Cy, 17.13.02 
Char Ist Scan, C or R or Minus, 
Minus Sign Latch 


or Store B Ch Char Credit or Not U Ctrl Char 17.13.03 
or Blanked Credit C or R or Minus, Plus Sign 17.13.02 
Symbol | 
Latch, Ist Scan, E Op ° 
B Cy, Units Latch 
Write Edit Blank Blanked Credit Symbol 17.13.05 


If the B-channel character is &, it means space and a blank 
is stored. 


Space E Op B Cy, Ist Scan, 17.11.07 
B Ch (B, A, 8, 1, 2, 4) 
Write Edit Blank Space ! 17.13.05 


10. Any of the conditions in step 9 cause another 


B-cycle with the Units latch regenerated to identify — 


the status portion of the control word. 


Write B Char or Spec Store B Ch Character, or 17.13.07 
| Char Write Edit Blank 
Edit Set B Cy Ctrl C Write B Char or Spec Char 17.13.09 
, Ist or 2nd Scan, B Ch Not 


WM Bit 
Set B Cy Ctrl Edit Set B Cy Ctrl C 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
to Last LG | 
B Cy B Cy Ctrl, LGB 12.12.02 
ROB AR B Cy Ctrl, lst + 2nd + 8rd 14.71.31 
Scan Ctrl, RO B AR on 
Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
11. Regenerate modify controls. 
Regen Ist Scan Ctrl Edit Set B Cy Ctrl C 12.30.05 
Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 12.30.03 
Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Setto -1 Ist Scan | 14.71.41 
12. Regenerate units latch. 
Regen Units + Body Edit Set B Cy Ctrl C 16.30.01 
Ctrl | 
Units Ctrl Rateh Regen Units + Body Ctrl, 16.30.02 
Next to Last Logic Gate, 
Units Latch 
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Regen Ist Scan Ctrl, Ist Scan 12.30.03. 


SIGNAL CONTROL — Locic 
Units Latch Units Ctrl Latch, LGC 16.30.02 

13. Set assembly controls according to B-channel 
character; this character can be the same as in step 9 
in which case steps 9-12 are repeated. 


If the B-channel character is 0 or blank the character on the 
A-channel. (from the last A-cycle) is stored. 


Edit Use A Ch Nu -E Op « B Cy, Units Latch, 17.13.01 

) Blank or 0 

Use No Zones * Edit E Op « B Cy, Units Latch, 17.13.01 
Blank or 0 


14. If the character is a 0, a word mark is stored 
over the A-channel character to identify the end of 
zero suppress on the second scan; also, the zero sup- 
press latch is set on. 


Not Zero Suppress Ctrl Last Insn RO Cy, Last LG 17.12.01 
Not Zero Suppress Not Zero Suppress Ctrl, LGC 17.12.01 
Not Zero Suppress Ctrl Not Zero Suppress, Last LG, 17.12.01 
A Cy/Ist Scan, E Op ¢ B Cy, 
Not Ctrl 0 
E Op ° B Cy, Ist Scan, - 17.13.01 
Ctrl Zero Not 0 Suppress | 
E Op Write WM, E or Z 17.12.03 
~ Op ¢ B Cy, Last LG 
0 Suppress Ctrl, LGC 17.12.03 


15. After the A-channel character is stored another 
A-cycle must be taken. 


E Op Write WM 
0 Suppress Ctr] 


0 Suppress 


Edit Set A Cy Ctrl Edit Use A Ch Nu, A Ch 12.12.41 
WM, B Ch WM 
Set A Cy Ctrl Edit Set A Cy Ctrl 12.12.41 
A Cy Ctrl Set A Cy Ctrl, Next — 12.12.20 
| | to Last LG 
A Cy A Cy Ctrl, LGB 12.12.01 
RO AAR A Cy Ctrl, LG Special A 14.71.30 
Read out AAR on A Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 


16. Regenerate modify control. 


Regen Ist Scan Ctr] Edit Set A Cy Ctrl 12.30.05 
Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan 12.30.03 
1st Scan — Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Setto —1 = Ist Scan 14.71.41 


17. Set assembly controls according to B-channel 
character in body of control word. 


Set Body Ctrl Latch Edit Set A Cy Ctrl 16.30.01 

Body Ctrl Latch Set Body Ctrl Latch, Next 16.30.04 
to Last LG | 

Body Latch Body Ctrl Latch, LGC 16.30.04 


If B-channel character is not a blank, 0, *, $, or &, store the 
B-channel character. 
Store B Ch Char Body Latch, E Op « B Cy, 17.13.03 
Not Blank, Not Ctrl 0, Not *, 

Not $, Not Space 

If B-channel character is & write a blank. 

Write Edit Blank Space 17.13.05 

Again, either of these conditions cause another B-cycle as in 
steps 10-12 except that the body latch is regenerated. 


18. If the B-channel character is a 0, blank, *, or $ 
the A-channel character is stored. 


Edit Use A Ch Nu E Op « B Cy, Body Latch, 17.13.01 
and Use A Ch Blank or 0 
Zones * Edit 

Edit Use A Ch Nu E Op ¢ B Cy, Body Latch, 17.13.01 
and Use A Ch * or $ 
Zones * Edit | 
A 0 sets the zero suppress latch if it had not been set before. 


ao 


_ Not * Fill or Fl Dol 


_ Addr Mod Set to —1 


~~ SIGNAL | CONTROL Locic 


19. An * or $ sets the asterisk fill or float dollar latch 


_if the zero suppress latch had been previously set. | 


‘Not * FillorFlDol Last Insn RO Cy, LLG 17.12.02 
Ctrl | 
Not * Fill or Fl Dol Not * Fill or Fl Dol Ctrl 17.12.02 


(A Cy, Not * Fill or Fl Dol) 17.12.02 


Ctrl or E Op « B Cy, Body 17.12.02 
. Latch, Not *, Not $ 
Asterisk Fill E Op ¢ B Cy, Not * Fill or 17.12.05 


or Fl Dollar Sign Fl Dol, 0 Suppress, Body 


Latch, and */$ 
20. Edit use A-channel Number again causes A- 
cycles unless the last A-field character has a word mark 


which causes a B-cycle. 


Edit Use A Ch Nu, E Op Code 12.12.44 
A Ch WM Bit, B Ch Not 
WM Bit 


Edit Set B Cy Ctrl A 


Set B Cy Ctrl Edit Set B Cy Ctrl A 12.12.44 

B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
| to Last LG | 

B Cy B Cy Ctrl, LGB 12.12.02 

RO BAR B Cy Ctrl, Ist + 2nd + 38rd _ | 14.71.31 

Scan Ctrl 
RO B AR on Scan B Cy Ops 

Set Mem AR Gated LGA, 2nd CP 14.17.16 
21. Regenerate modify controls. 

Regen Ist Scan Ctrl Edit Set B Cy Ctrl A 12.30.05 


1st Scan Ctrl 
Ist Scan 


Regen Ist Scan Ctrl, Ist Scan 12.30.03 
Ist Scan Ctrl, LGC 12.30.01 
lst Scan 14.71.41 


22. Set assembly control according to B-channel 
character. 


Set Extension Ctrl Edit Set B Cycle Ctrl A 16.30.05 
Latch 
Extension Ctrl Lat Set Extension Ctrl Latch, 16.30.06 
Next to LLG 
Extension Latch Extension Ctrl Lat, LGC 16.30.06 


If B-channel character is not a C, R, minus sign, comma or 
&, store the B-channel character. 
Store B Ch Char Extension Latch, E Op B Cy 17.13.03 
Ist Scan, Not C Char, Not 
R Char, Not Minus Sym- 
bol, Not Space, Not Comma 
If B-channel character is an & or a comma, a blank is stored. 
Write Edit Blank Space 17.13.05 
° or E Op B Cy, Extension 
Latch, Comma 
If the B-channel character is a C, R or minus sign, the sign 


- latch determines what is stored. 


Credit or Not U 
Ctrl Char 


Extension Latch, E Op B Cy, 17.13.02 
Ist Scan, C or R or Minus, 
Minus Sign Latch 


Store B Ch Character Credit or Not U Ctrl Char 17.13.03 
or Blanked Credit | C or R or Minus, Plus Sign 17.13.02 
Symbol Latch, Ist Scan, E Op B 

_ Cy, Extension Latch 
Write Edit Blank ~ Blanked Credit Symbol 17.13.05 


23. The scan continues through the status portion of 
the control word until a word mark; if the zero sup- 
press latch is on the second scan is initiated otherwise 
the operation ends. 


Edit Set BCy Ctrl1B ~~ E Op B Cy Ist Scan, —- 17.13.08 
7 0 Suppress, B Ch WM Bit 

Set B Cy Ctrl Edit Set B Cy Ctrl B 12.12.44 

B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 


to Last LG 


SIGNAL | CONTROL. Locic: 
B Cy B Cy Ctrl, LGB 12.12.02 
-ROB AR ~ B Cy Ctrl, Ist + 2nd + 8rd 14.71.31 
| Scan Ctrl 
| RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
24. Set modify controls to +1. 
Set 2nd Scan Ctrl Edit Set B-Cy Ctrl B 12.30.06 
2nd Scan Ctrl Set 2nd Scan Ctrl, Next 12.30.04 
to LLG : 
2nd Scan 2nd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto +1 2nd Scan 14.71.41 
25. Set skid cycle controls. 

Set MQ Ctrl Edit Set B Cy Ctrl B 16.30.05 
MOQ Ctrl Latch Set MQ Ctrl, Next 16.30.07 
to Last LG 
MQ Latch MQ Ctrl Latch, LGC 16.30.07 
Edit Skid Cy MQ Latch, E or Z Op B Cy 17.13.15 

26. Store B-channel character. 
Use B-Ch WM Edit Skid Cy 15.49.04 
Store B-Ch Char Edit Skid Cy 17.13.03 
Load Memory Load Memory on B Cy Op 12.50.01 


Codes B Cy 
27. Take another B-cycle and read out B-field 
character. 


Set B Cy Ctrl Edit Skid Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next 12.12.21 
to Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
Read Out BAR B Cy Ctrl, Ist + 2nd + 14.17.31 

3rd Scan Ctrl 
Read Out BAR on Scan B 
Cy Ops : 
Set Mem AR Gated LGA, 2nd Clock Pulse 14.17.16 
28. Regenerate modify controls. | 
Regen 2nd Scan Ctrl MQ Latch 17.13.15 


2nd Scan Ctrl Next to Last LG, Regen 2nd 12.30.04 
Scan Ctrl 2nd Scan 
2nd Scan 2nd Scan Ctrl, LGC 12.30.02 


Addr Mod Setto +1 2nd Scan 14.71.41 


29. Set assembly controls according to B- channel 
character. 


Extension Ctrl Latch Edit Skid Cy, Next to 16.30.06 
Last LG 
Extension Latch Extension Ctrl Latch, LGC 16.30.06 


If B-channel character is any other character except 0, comma, 
or blank, the B-channel character is stored. 
Store B Ch Char E or Z Op B Cy, 2nd Scan, 
Not Ctrl 0, Not Blank, Not 
Comma 
If B-channel ‘character is a 0, blank, or comma, the character 
is either stored as is (zero suppress off ), blanked (zero suppress 
on), or an * is stored (zero suppress and asterisk fill latches on). 
Zero suppress is the same as in Z op code. 
Decimal Control 


30. Set decimal controls when a decimal is sensed. 


Decimal Ctrl 2nd Scan, Extension Latch, 17.13.03 
E or Z Op Code, Decimal, 
Last LG 


17.13.03 


31. After the decimal, store all B-channel characters. : 


2nd Scan Sig Char E or Z Op « 2nd Scan * Exten- 17.13.04 
sion, Blank 0 or Comma, 
Decimal Ctrl 

E or Z Op « B Cy, 2nd Scan, 
Not Blank, Not Comma, 


Not 0 or 2nd Scan Sig Char 


Store B Ch Char 
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17.13.03: 


7 af 


SIGNAL ) -Conrrat. Locic 
32. Take another B-cycle and read out B-field char- 
acter if a third scan is required. | 


3rd Scan Cond Decimal Ctrl, 0 Suppress 17.13.07 
7 | Not Sig Digit 
Edit Set B Cy CtrlD 3rd Scan Cond, EorZOp __ 17.13.09 
. Code 
2nd Scan Extension, B Ch WM 
Set B Cy Ctrl Edit Set B Cy Ctrl D 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to Last LG 12.12.21 
B Cy B Cy Ctrl, LGB 12.12.02 
RO B AR B Cy Ctrl Ist + 2nd + 3rd 14.71.31 
Scan Ctrl 
. RO B AR on Scan B Cy Ops 
Set Mem AR Gated — LGA, 2nd CP 14.17.16 
33. Set modify controls to —1. 
Set 3rd Scan Ctrl Edit Set B Cy Ctrl D , 12.30.06 
3rd Scan Ctrl Set 3rd Scan Ctrl, Next to 12.30.04 
| Last LG | 
3rd Scan 3rd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto -1 3rd Scan 14.71.41 
34. Set skid cycle controls. 
Set M Q Ctrl Edit Set B Cy Ctrl D 16.30.05 
M Q Ctrl Latch Set M Q Ctrl, Next to 16.30.07 
. Last LG eos 
M Q Latch M Q Ctrl Latch, LCC 16.30.07 
Edit Skid Cy M Q Latch, Z Op B Cy 12.13.15 
30. Store B-channel character. 
Use B Ch WM Edit Skid Cy 15.49.04 
Store B Ch Char Edit Skid Cy 17.13.03 
Load Memory Load Mem on B Cy Op Codes, 12.50.01 
B Cy 


36. Take another B-cycle and read out B-field 
character. 


Set B Cy Ctrl Edit Skid Cy 12.12.44 
B Cy Ctl Set B Cy Ctrl, Next to 12.12.21 
Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
ROB AR B Cy Ctrl Ist + 2nd + 3rd —s-14.71.31 
Scan Ctrl 
RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
37. Regenerate modify controls. 
Regen 3rd Scan Ctrl M Q Latch 17.13.15 
3rd Scan Ctrl Next to LLG, Regen 3rd Scan 12.30.04 
Ctrl, 
| 3rd Scan | 
3rd Scan 3rd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto —1 3rd Scan 14.71.41 


38. Set assembly controls to write blank if character 
is a decimal or 0. 


Extension Ctrl Latch Edit Skid Cy, Next to Last LG 16.30.06 
Extension Latch Extensions Ctrl Latch, LGC 16.30.06 


Not Last Insn RO Cy, LG 17.12.02 
* Fill or Fl Dol Ctrl . 

Not (A Cy, Not 17.12.02 
* Fill or Fl Dol * Fill or Fl Dol) 

Not (Z Op B Cy, Not 17.12.02 
* Fill or Fl Dol Ctrl * Fill or Fl Dol) 

Write Edit Blank Not * Fill, 0 Suppress 17.13.05 


E or Z, 2nd Scan, Extension, 
0 or Decimal 
Store B Ch Char Not Decimal, Not 0, 3rd Scan 17.13.03 


39. If the character is not a decimal, another B-cycle 
is taken. 
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SIGNAL | CONTROL Locic 
Write B Char or Spec Write Edit Blank 17.13.07 
~ Char ™ 


Edit Set B Cy Ctrl F Not Decimal, E or Z 3rd 17.13.09 
| Scan ,Extension, Write B Char | 
or Spec Char 


Set B Cy Ctrl. Edit Set B Cy Ctrl F 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to 12.12.21 
| Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
RO B AR | B Cy Ctrl, Ist + 2nd + 38rd) —s:14.71.31 
Scan Ctrl 
RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
40. Regenerate modify controls. 
Regen 3rd Scan Ctrl Edit Set B Cy Ctrl F 12.30.06 
3rd Scan Ctrl Next to LLG, Regen 3rd 12.30.04 
Scan Ctrl 
; 3rd Scan 
3rd Scan 3rd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto —1 = 3rd Scan 14.71.41 


41. Set assembly controls to write blank if character 
is a decimal or 0. 


Regen Ext Ctrl Edit Set B Cy Ctrl F 16.30.05 
Extension Ctrl Latch Regen Ext Ctrl 16.30.06 
Extension Latch _ Extension Ctrl Latch, LGC 16.30.06 
Not Last Insn RO Cy, LG 17.12.02 

* Fill or Fl Dol Ctrl | | 
Not Not 17.12.02 

* Fill or Fl Dol * Fill or Fl Dol Ctrl Ae? 
Not (A Cy, Not | 20. LEAD O2 

* Fill or Fl Dol Ctrl * Fill or Fl Dol) : 


(Z Op B Cy, Not 

* Fill or Fl Dol) 
Not * Fill, 0 Suppress 17.13.05 
E or Z, 3rd Scan, Extension 

0 or Decimal 


Write Edit Blank 


42. If the character is a decimal, the operation is 


ended. 


Last Execute Cy E or Z ¢ 3rd Scan Extension 17.13.08 
Decimal Ctrl, Decimal 
* Fill | 

43. Write * if B-channel character is 0, blank, or 


comma. 


Write Edit * E or Z * 2nd Scan « Extension, 17.13.05 
Not Decimal Ctrl, 0 Suppress, 


Blank 0 or Comma, * Fill 


The Seoul scan continues until the word mark, set on the 
first scan, is read out and removed. Here the operation is either 
ended or a third scan is taken. 


44, Take another B-cycle and read out B-field 
character if a third scan is required. 


3rd Scan Cond Float Dollar Sign 17.13.07 
Edit Set B Cy Ctrl D 3rd Scan Cond, E or Z Op 17.13.09 
Code 
29nd Scan ¢ Extension, B Ch WM 
Set B Cy Ctrl Edit Set B Cy Ctrl D 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to Last LG 12.12.21 
B Cy B Cy Ctrl, LGB 12.12.02 
ROB AR B Cy Ctrl Ist + 2nd + 3rd 14.71.31 
| Scan Ctrl 
RO B AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
45. Set modify controls to —1. 
Set 3rd Scan Ctrl Edit Set B Cy Ctrl D 12.30.06 
3rd Scan Ctrl Set 3rd Scan Ctrl, Next to 12.30.04 
Last LG 


rs 


CONTROL . 7 Locic 


SIGNAL | | 
3rd Scan | 3rd Scan Ctrl, LGC 12.30:02 
Addr Mod Setto —1 3rd Scan 14.71.41 


46. Set skid cycle controls. 3 
16.30.05 


Set M Q Ctrl Edit Set B Cy Ctl D 

MQ Ctrl Latch Set M Q Ctrl, Next to 16.30.07 

| Last LG _—— 
M Q Latch M Q Ctrl Latch, LGC 16.30.07 
Edit Skid Cy M Q Latch, Z Op « B Cy 12.13.15 

47. Store B-channel character. | 

Use B Ch WM Edit Skid Cy 15.49.04 
Store B Ch Char Edit Skid Cy 17.13.03 _ 
Load Memory Load Mem on B Cy Op Codes, 12.50.01 


B Cy 
A8. Take another B-cycle and read out B-field 
character. 


Set B Cy Ctrl Edit Skid Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, Next to 12.12.21 ° 
Last LG 
B Cy B Cy Ctrl, LGB 12.12.02 
RO & AR B Cy Ctrl Ist + 2nd + 3rd: 14.71.31 
Scan Ctrl 
-_ ROB AR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP © 14.17.16 
49. Regenerate modify controls. _ 
Regen 3rd Scan Ctrl M Q Latch 17.13.15 
3rd Scan Ctrl Next to LLG, Regen 3rd Scan 12.30.04 
| Ctrl 

| 3rd Scan 7 

_ 3rd Scan 3rd Scan Ctrl, LGC 12.30.02 
Addr Mod Setto -1 3rd Scan 14.71.41 


50. The assembly controls cause the B-channel_ 
character to be stored until a blank is read out; the — 
blank causes a $ to be stored and the eee is . 


ended. | 
Set $ E or Z ¢ 3rd Scan ¢ Extension, 17 13,06 
* Edit , 
: ' Float $, Blank | 
Last Execute Cy Set $. 12.12.51 


Questions on Edit Operation 


Answers to review questions are in the Appendix. 

1. How many times can the Mg latch be set in an 
edit operation? 

2. What condition causes the edit. operation to end 
when the first scan is complete? What conditions cause 
the edit operation to end when the second scan is 


, complete? 


3. If the B- field contains 00.000 at the end of the 
first scan and the floating dollar latch is not set, will 
the cru initiate a third scan when the second scan is 
completer 


4, Does the cru take A- and B- die ee the 
first, second, and third scans? 


5. Are B-field characters read during the first scan 


when the extension latch is set in the body or the status 
portion of the control word? 


6. What limitation is imposed on the length of the 


A-field? 


Compare Instruction =~. 


“Instruction Formats __ 
_ Formats for the compare instruction are: 


’ Op CODE - A-ADDRESS B-ADDRESS 
ee ¢ XXXXX XXXXX 
C XXXXX 
é | 


The compare instruction causes B-field data to be 


compared to data in the A-field. (The comparison is 
always B to A, never A to B). Execution of the com- 


_ pare instruction does not change data stored in either 


field. The result of the compare sets the compare high 


(B>A), compare low (B<A), or compare equal — 


(B=A) latch. A subsequent test and branch instruc- 
tion checks the state of the latches. 


When the A-field is shorter than the B- field, the 


compare high latch is set, designating the B-field as 


_ the greater of the two fields, regardless of their values. 
If, however, the B-field is shorter than the A-field, the 


low latch is not set unconditionally at the end of the 
compare operation. 
At the end of the operation, the A- and B-address 


- registers contain the original A- and B-addresses minus 


the length of the A- or B-field, whichever is shorter. 


CPU Operation | a : 
During last instruction feat ont cycle, the units, first 


scan, and A-cycle control latches are set. To execute 


the cempare instruction, the cpu takes an A-cycle to 
read out the A-field character that the aar specifies; 
the character is stored in the A-data register. The cpu 
then takes a B-cycle to read out and gate the B-field 
character onto the B-channel. The character in the 
A-data register is gated to the A-channel while the 


~B-field character is gated to the B-channel. A- and 


B-channel characters are compared in the adder and 
compare units. The output of the compare matrix sets 
the high, low, or equal latch. The equal latch can be 
set only when the units positions of the fields are com- 
pared. If all A- and B-field characters are equal, the 
equal latch is not reset in the compare operation. 
The cpu alternately executes A- and B-cycles, com- 


paring A- and B-field characters and setting or re- 


setting the high and low latches as required, until a 
word mark is sensed in either the A- or the B-field. 
The crv terminates the compare operation when either 


an A- or B-channel word mark is detected. The last 


compare latch set (high, low, or equal) remains on to 
indicate the result of the operation. 

Figures 26 and 27 show detailed operation in the 
execution of the compare instruction. 

Examples 1 and 2 following illustrate the compare 


operation. 
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Set High Latch 
| 17.14.01 


Set Units Latch 


16.30.02 


Set Ist Scan Latch 
12.30.05 


Take an A Cycle _ : ~ 
12.12.41 


RO a Field Character 
14.71.30 


Take a B Cycle 


12.12.44 


-RO B Field Character 
14.71.31 


> 


Compl Add - 
A Char to B Char ee 


Is There an A Ch WM\. 
and No B Ch WM? 
17.18.01 


Yes 


mentals CE Manual 


Is the 
Comparison Equal? 


High or Low? 


Set Equal Latch — 
} 17.14.03 


End Exec Cy 


Start Inst RO 
17.18.01 


Figure 26. Compare 
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See Compare Unit Opera- 
tion in 1410 System Funda- 


Is the Comparison 


Set High Latch 
17.14.01 


Turn Off Units, 
Set Body Latch 
16.30.04 


mite 


LOCATION PROGRAM 
00001 €0010000200 
00012 J00001b 
00098 {00 
00198 = 00 


LOGIC PAGE TEST POINT 


LINE NAME 


1. LOGIC GATE 


. LAST INSN R.O. 12.13.05 


1ICIHI2G 


. A CYCLE CTRL 12.12.20 11€1J10D 


. A CYCLE 12.12.01 11C1H20C 


- R.O. AAR 


14.71.30 1ICICIIG 


. IST SCAN CTRL 12.30.03 TICIF23L 


. IST SCAN 12.30.01 11C1IE26A 


» UNITS CTRL 16.30.02  11C2E21A 


. UNITS 16.30.02 11C2D16A 


10. B CYCLE CTRL 12.12.21 11C1A04B 


. B CYCLE 12.12.02 TIC1THI7C 


12. R,O. BAR 14.71.31 VICICIIH 
. GATE "A" DATA REG TO "A" CH 15.38.02 11C3C17B 


. HI-EQUAL-LO LAT RESET 17.14.01 11D2E20C 


11C2F08H 


. COMPL ADD A 


16.20.15 


16. TRUE ADDB 16.20.10  11C2E12C 


17. HI-EQUAL-LO LAT SET 17.14.01 11D2H21K 


18. EQUAL 17.14.03 11D2F06C 


. BODY CTRL 


16.30.04 11C2C23C 


20. BODY 16.30.04 11C2G05A 
1, HIGH 17.14.01 11D2G09C 


CTT EEE 


. LAST EXECUTE 12.17.51 11C1TH238 


. LOGIC GATES 


dol\esr | gah AGA aadiak plese \ a fel 


_ Figure 27. Compare Operation Timings 
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EXAMPLE | 
A-field 


7 First A-cycle 


B-field 


performs a compare operation: 

SIGNAL | CONDITION Locic 

— 1. Initiate A-cycle and read out first A-field char- 
acter. | | 


Set A Cy Ctrl A Cy First Op Codes 12.12.41 
Last Instruction Read Out Cy 
A Cy Ctrl Set A Cy Ctrl 12.12.20 
. Next to Last Logic Gate 
A Cy A Cy Ctrl, LGB 12.12.01 
Read Out AAR A Cy Ctrl, Logic Gate 14.71.30 
Special A, 
Read Out AAR on A Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
2. Set modifier controls. 
Set 1st Scan Ctrl lst Scan First Op Codes 12.30.05 
Last Instruction Read Out 
Ist Scan Ctrl Set 1st Scan Ctrl 12.30.03 
Next to Last Logic Gate 
Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Setto -1 —Ist Scan 14.71.41 
3. Set character into A-data register. 
Sw B Ch to A Reg A Cy, LGD 15.38.01 


4. Initiate B-cycle and read out first B-field char- 
acter. : 
13.14.06 


A Cy Ops A Cy Compare Op Code, A Cy 
Stop at F A Cy Ops A Cy | 12.12.30 
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read out First B-cycle read out set EQUAL latch 
Second A-cycle read out Second B-cycle read out set HIGH latch 
Third A-cycle _ read out Third B-cycle read out -HIGH latch remains set 
Fourth A-cycle read out Fourth B-cycle read out set LOW latch 
Fifth A-cycle _ read out Fifth B-cycle read out LOW latch remains set, 
, and because A- and B- 
The comparison designates the A-field as the greater of the field word marks are 
- two fields as indicated by the LOW latch being set when the sensed, the compare op- _ 
comparison is terminated. eration ends. 
| EXAMPLE ae = 
| _ A-field B-field — 
First A-cycle read out First B-cycle | read out set EQUAL latch 
Second A-cycle read out © Second B-cycle = ——srread out set LOW latch 
Third A-cycle read out 9 Third B-cycle _ read out set HIGH latch because 
| | A-field word mark and 
_ Although A-field is numerically greater than B-field, the com- no B-field word mark is 
parison ends with the HIGH latch set, designating B-field as sensed. 
the greater of the two fields, because A-field is shorter than 
B-field. } 
The following controls are active when the cru SIGNAL ConDITION Locic 


5. Initiate B-cycle and read out first B-field char- 
acter. 


_ Set B Cy Ctrl A-Cy Ops, A-Cy 12.12.44 
B Cy Ctrl Set B-Cy Ctrl, 12.12.21 
Next to Last Logic Gate 
B Cy B Cy Ctrl 12.12.02 
Read Out BAR B Cy Ctrl 14.17.31 
Ist + 2nd + 3rd Scan Ctrl 
Read Out BAR on Scan B 
7 Cy Ops 
Set Mem AR Gated LGA 
2nd CP 14.17.16 


6. Gate A-field character to A-channel. 


Gate A Data Reg to B-Cy, A Reg to A Ch on 15.38.02 
A Ch B Cy Ops 


7. Control B-cycle length. 
Stop at F B Cy, Compare Op Code 12.12.30 


8. Set high latch if there is an A-channel wm with 
no B-channel wo. | 


Set High Cy B Cy, Compare Op Code, 17.18.01 
~A Ch WM, B Ch Not WM 
High - Set High Cy, LGF 17.14.01 
Last Execute Cy Set High Cy 17.18.01 
* TLU 


oS 


pos 


units positions. _ 


SIGNAL  Conprrion | —— Locic © 
_ 9, Set equal latch if compare result is equal for the 


Last Instruction Read Out 


Units Ctrl Latch 16.30.02 

_ Units Latch Units Ctrl Latch, LGC 16.30.02 

© Regen Units and Standard A Cy Ops A Cy 16.30.01 
~ Body Ctrl . 

Units Ctrl Latch Regen Units and Body Ctrl 16.30.02 

: Next to Last Logic Gate 
Equal Low Latches Set B Cycle, Compare Op Code _s17.14.01 
| Units Latch a 
17.14.03 


Equal 2 4 Units Latch, Equal Low 
: Latches Set 
Compare Equal, Not Set 


° : High Cy 
10. Take another A-cycle and read out next A-field 

character. 

Compare Mode Set B Cycle, Compare Op Code 17.18.01 
- A Cy Ctrl 
a A Ch Not WM, B Ch Not WM 

Set A Cy Ctrl Compare Mode Set A Cy Ctrl 12.12. Al 
_ A Cy Ctrl Set A Cy Ctrl 12.12.20 
. a ~ Next to Last Logic Gate 7 
_ACy A Cy Ctrl, Logic Gate 14.71.30 
| Special A 

s Read Out AAR on A Cy Ops 

Set Mem AR Gated LGA, 2nd CP | 14.17.16 


11. Set body latch. : 
Set Body Ctrl Latch . Compare Mode Set A Cy Ctrl 16.30.01 


Body Ctrl Latch Set Body, Ctrl Latch (16.30.04. 
Next to Last Logic Gate 3 
Body Latch Body Ctrl Latch 16.30.04 
Regen Units and Standard A Cy 16.30.02 
Body Ctrl * A Cy | 
12. Regen modify controls. | 
Regen Ist Scan Ctrl Standard A Cy Ops A Cy 12.30.05. 


Ist Scan Ctrl Regen Ist Scan Ctrl, Ist Scan, 12.30.03 


Next to Last Logic Gate 


Ist Scan Ist Scan Ctrl, LGC 12.30.01 

Addr Mod Setto —1 Ist Scan 14.71.41 
13. Set character into A-data register. 

“SwBChtoAReg ACy, LGD 15.38.01 


14. Take another B-cycle and read out next B-field 


character. | 
Standard A Cy Ops Compare Op Code, A Cy 13.14.06 
A Cy : 
Set B Cy Ctrl Standard A Cy Ops, A Cy 12.12.44 
B Cy Ctrl Set B Cy Ctrl, L 12.12.21 
Next to Last Logic Gate 
B Cy B Cy Ctrl, LGB 12.12.02 
Read Out BAR B Cy Ctrl, Ist + 2nd + 3rd s«d14.71.31 
Scan Ctrl 
Read Out BAR on Scan B Cy Ops 
Set Mem AR Gated LGA, 2nd CP 14.17.16 
15. Control A-cycle length. 
Stop at F Standard A Cy Ops, A Cy 12.12.30 
16. Gate A-field character to A-channel. 
Gate A-Data Reg B Cy, A Reg to A Ch on 15.38.02 
toA Ch _B Cy Ops 
17. Control B-cycle length. | 
Stop at F B Cy, Compare Op Code 12.12.30 


18. Set high or low latch. | 
Body Latch, Compare Mode 17.14.01 


Equal Low Latches 
Set | B Cy 
High Latch 17.14.01 


Compare High, Equal Low 


SIGNAL CoNTROL | Locic 
| Latches Set LGF : 
‘Low Latch Compare Low, Not Set 17.14.02 
High Cy, 
- Equal Low Latches Set, LGF 
19. Initiate instruction read out. 
Last Execute Cy TLU B Ch WM, B Cy, Compare 17.18.01 


Op Code 
Note: Steps 10 cane 18 are repeated until a WM is read out. 


Questions on cuipee Operation 
Answers to review questions are in the Appendix. 

1. The compare instruction causes the cpu to com- 
pare B-field characters to characters in the A-field. Are 


contents of either field changed as a result of the com- 
pare operation? 


2. What conditions terminate the operation? - 


3. Is the compare high, compare low, or compare 


equal latch set unconditionally if the B-field is longer 
than the A-field? 


4. What action occurs if the A-field is longer than the 
B-field? 


5. What conditions must exist before the compare 
equal latch can be set? 


6. Interpret the result of the comparison when the 
compare low latch is set at the end of the compare 


operation. 


Table Lookup Instruction 


_ Definitions: 


The table lookup instruction causes the cpu to search 
through a previously prepared table in core storage to 
locate a specific function. 

A function is either a segment of actual data or the 
storage address of a segment of data compiled in the 
table; for example, if multiples of five are listed in the 
table, 5, 10, 15, 20, etc. are table functions. 

To recognize the desired function, the system re- 
quires two arguments, the table argument and the 
search argument. Each function in the table has a 
prefix called a table argument to provide separate 
identification for each function; for example, if 5, 10, 
15, 20, and 25 are table functions, 501, 1002, 1503, 
2004, and 2505 might appear in the table; the two low- 
order digits preceding each function make up a table 
argument. Each table argument must contain the same 
number of characters. A function and corresponding 
table argument make up a table field. | 

To locate the specific function in the table, the cpu 


compares a search argument with table arguments. 
The search argument is identification data read in from 


an input device or generated by the program. Although 
the search argument is stored in core storage, it is not 
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part of the table. The table lookup instruction desig- 
nates the search argument to be used in the operation. 


The instruction specifies the condition (high, low, or 
_ equal) sought in the search argument-table argument 


comparisons. 


_ The time required to execute the table lookup in- 
struction is determined by the number of table fields 
_and the number of characters in each table field en- 
countered before the desired function is found. There- 


fore, functions should contain the least possible num- 


. ber of characters when adequate core storage space 
_ is available. If segments of data compiled in the table 


contain five characters or less, the data are stored in 
the table; in this case, the function is actual data. If 
segments of data compiled in the table contain more 
than five characters, the data are usually located in 
another area of core storage. In this case, the function 
is the o-character address of the desired segment of 


data. — 


Instruction Formats 


Formats for the table lookup instruction are: 


OP CODE A-ADDRESS B-ADDRESS d-CHARACTER 
T | XXXXX XXXXX See Figure 28 
T XXXXX a 
fl 


The table lookup instruction causes the cpu to search 
for a table argument that is equal to, lower, or higher 
than the search argument as specified by the d-char- 
acter (Figure 28) in the instruction. The A-address in 


\ 


Description 


Stop if Table Argument is: 
Lookup Equal] 2] 2 | Equal fo Search Argument 
Lookup Low | 1] 1__| Tower than Search Argument 
Lookup Hig Higher than Search Argument 
5 


ookup Low or Cqua 2,1 qual to or Lower than searc 
Argument 
Lookup Equal or High i Equal to or Higher than Search 


Argument 
Lookup Low or Hig 
Figure 28. d-Characters for Table Lookup Operation 


Lower. than or Higher than Search |. 
Argument 


the instruction specifies the address of the low-order 
position in the search argument. The B-address is the 
location of the low-order character in the table. The 
d-character specifies the condition to stop the table 
search. If the instruction does not contain a B-address 
or d-character, the contents of the Bar and operation- 
modifier register from the previous operation are sub- 
stituted for the B-address and d-character, respec- 
tively. If the instruction does not contain an A-address, 
the contents of the Aan from the previous operation 
become the A-address in the table lookup operation. 
The table argument and the search argument must 
contain the same number of characters. However, the 
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~ 


table field (the table argument and the function) is 
longer than the search argument. 


Description of Operation 


The search argument (A-field ) must have a word mark 
set to define its high-order position. The table field 
must have a defining word mark in the high-order 
function position. The cpu compares the search argu- 


ment against the table argument until an A-field word 


mark is sensed in the search argument. If the condi- 
tion established by the d-character in the instruction 
is not met and a B-field word mark is not sensed be- 
fore the A-field word mark is detected, the cpu takes 
B-cycles to skip through the corresponding function 
(the cpu takes a B-cycle for each character in the 
function; for this reason, the function should contain 


only the necessary number of characters). The search — 


argument (A-field) is compared against the next table 
argument when the B-field word mark indicating the 
end of the previous table field is sensed. A B-field 
word mark, denoting the end of a table field, en- 
countered before the A-field word mark is found, in- 
dicates the end of the table. This condition causes the 
high-compare indicator to turn on unconditionally, and 
the table lookup operation terminates immediately. In 
the case of a single character A-field, the condition 


specified by the d-character must be met to stop the ~ 


operation. : 

Figure 29 shows an example of the table search in 
locating the square of a number (search argument). 
A table of squares is stored in core storage. The table 


Op Code A-Addr B-Addr d-Mod 
T 02251 25000 2 


Fi 13225! 97] 11025! 96| 9025! 95 |7225! 85| 5625! 75| 4225! 65] | 
| 3025155| 2025! 45] 1225135) 625125] 2251 15 


Function 


B-Address 25000 


Table Argument | 
Table Field v 


Search — 
A-Address 02251 


Figure 29. Storage Table for Table Lookup Operation 


includes the number (table argument) followed by 


the square of the number (function). In this case, the 
function is a segment of actual data. The end of the 
table is designated by a B-field shorter than the cor- 
responding A-field. Figures 30 and 31 show crv oper- 
ation and timings in the execution of the table lookup 
instruction. 


‘ 


| Set Body Latch 
16,30..01 
Regen Ist Scan Latch 
12.30.05 


Set Units Latch 
16.30.01 


End Oper, 
Start Inst RO 
17.18.01 


Figure 30. Table Lookup 


Use C AR to RO 
UP A Field Char 
14.71.32 


{Table Lookup 
Instruction 


. Reset Compare 
- Latches 


Set Ist Scan Latch 
12.30.05 


The following controls are active when the crv per- 
forms a table lookup operation: 


SIGNAL 


CONTROL 


Locic 


1. Set controls for forward scan; start with the units 
position of the arguments. 


Set Ist Scan Ctrl 
Ist Scan Ctrl 
Ist Scan 


Regen Ist Scan Ctrl 


_ Set Units Ctrl Latch 


Last Instruction Read Out 
First Scan First Op Codes 


Set Ist Scan Ctrl 
Next to Last Logic Gate 


Ist Scan Ctrl 
LGC 


A Cy 
Standard A Cy Ops 


Last Instruction Read Out 


12.13.05 
12.13.03 
12.13.01 
12.30.05 


16.30.01 


Units or Body 
Latch On? 


Gate Compare 
Latches On? 
17,14,01 


Set Units Latch 
16.30.01 
Take an A Cycle 
12.12.41 


Bod 


Regen Ist Scan Latch 
12.30.05 
Use A AR to RO : 
A Field Char Set Extension Latch 
14.71.30 16.30.05 


hen There is an ACh WM 
With Unit or Body Latch On 
The Cycle is Lengthened to 


Use B AR to RO 
B Field Char 
14.71.31 


Gate a Reg to a Ch 
15.38.02 


High or Low Latches Set During 
Units and Body Only 
Eq Latch Set During Units Only / 


End Oper, 
Start Inst RO 
17.18.01 


Yes B Ch WM? No 
17.18.02 


SIGNAL CONTROL Locic 
Units Ctrl Latch Set Units Ctrl Latch 16.30.02 
Next to Last Logic Gate 5 
Units Latch Units Ctrl Latch 16.30.02 
LGC 
Regen Units and Standard A Cy Ops 16.30.01 . 
Body Ctrl 
A Cy 


2. Take an A-cycle, and use car to read out units 
position of search argument. | | e 


Set A Cy Ctrl Last Instruction Read Out Cy 12.12.41 
A Cy First Op Codes . 
ACyCtl . Set A Cy Ctrl 12.12.20 
: Next to Last Logic Gate : 
ACy A Cy Ctl 
LGB 
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SYNC LOCATION PROGRAM ADDRESS DATA 

Address Switches 00111 a 102251024802 9247s. 455345° 
00112 JOO1I00b y 
noi1e - 02250 45 


5 LOGIC PAGE TEST POINT 


_ LOGIC GATE B 
| CYCLE 


5 


LAST EXECUTE CYCLE 
LAST INSN RO. 


a 


ISTSCAN < 


REGEN 1ST SCAN CTRL 
UNITS LATCH 
BODY LATCH 


-S§ REGEN UNITS BODY 
CTRL i 
EXTENSION LATCH 
SET A CYCLE CTRL 


TABLE SEARCH A CY 
UNITS CTRL 


CAR R,O, CTRL * ARITH 
R.O. CAR 


SET B CYCLE CTRL 


R.O, BAR 


GATE A DATA REG TO 
ACH 


EQUAL 


TLU B CYCLE 


R,O, AAR 
TLU SET B CY CTRL 


TLU SET A CY CTRL 


LOGIC GATE B 


11.10.11 
_ 12.12.04 


12.12.23 
12.13.05 


12.30.01 


12.30.05 


16.30.02 


16.30.04 


16.30.01 


16.30.06 
12.12.41 


14.71.32 
16.41.01 


14.71.32 


12.12.44 


14.71.31 


15.38.02 


17.14.03 


17.14.02 


17.18.01 


14.71.30 
17.18.02 


17.18.02 


11.10.11 


11€2512C 
11C1H22H 


11C1E02F 
1IC1H12G 


TICTE26A 


11C1D24G 


11C2D16A 


11C2G05A 


11€2D26C 


11€2D16C 


1IC1G1I6G | 


11iC1DI9D 


11 C2A08C 


TICICTIE 


11C1G03G 


VICICIIH 


11€3C17B 


11D2F06C 


11D2F23D 


11D2H25K 


HICICHG 
11D2J19C 


11D2F24D 


~ 11C2512C 


Figure 31. Table Lookup Operation Timings 


CL at oe 


Jey to aa 


cf yeenet yo 
Creo 


Pea I eS SL AT Te) 


Poet et 


— 


te 


SIGNAL CONTROL Locic 
an _ Table Search A Cy A Cy Ctrl 14.71.32 
/. Units Ctrl | | 
Units Ctrl Latch | 
, | Table Search Op Code 
. CAR Read Out Ctrl = Table Search A Cy Units Ctrl 16.41.01 
a ae * * Arith . 
Read Out CAR CAR Read Out Ctrl 14.71.32 
* Arith 
Logic Gate Special A 
3. Take a B- cycle and use BAR to read out units 
position of table argument. 
: ~~ Set B Cy Ctrl Standard A Cy Ops 12.12.44 
| A Cy | | 
B Cy Ctrl Set B Cy Ctrl 12.12.21 
Next to Last Logic Gate 
B Cy B Cy Ctrl 12.12.02 
a LGB 
Read Out BAR B Cy Ctrl 14.71.31 
re... Ist + 2nd + 3rd Scan Ctrl 
om Logic Gate Special A 
Not Console Inhibit AR Read 
Out 
a 4. Compare A-channel with B-channel, and set high, 
he equal, or low compare latch. 
Gate A Data Reg BCy — 15.38.02 
to A Ch 
—_ A Reg to A Ch on B Cy Ops 
an CMP Mode B Cy B Cycle 17.18:01 
Table Search Op Code 
Equal Low Latches | CMP Mode B Cy 17.14.01 
> at a Set Units Latch 
: Equal Equal Low Latches | 17.14.03 
es CMP Equal 
| Not Set High Cy 
a | Units Latch 
5. Check for A-channel or B-channel word mark; 
no A-channel or B-channel word mark initiates another 
_ A-cycle; read out AAR (tens position search argument). 
: CMP Mode Set ACy ACh Not WM Bit 17.18.01 
Ctrl A 
Hx B Ch Not WM Bit 
é Table Search Op Code 
Set Body Ctrl Latch = CMP Mode Set A Cy Ctrl A 16.30.01 
Body Ctrl Latch Set Body Ctrl Latch 16.30.04 
fo | Next to Last Logic Gate | 
Body Latch Body Ctrl Latch 16.30.04 
LGC 
Set A Cy Ctrl CMP Mode Set A Cy Ctrl A 17.18.01 
~~ A Cy Ctrl Set A Cy Ctrl ae 12.12.20 
Ors Next to Last Logic Gate 
. A Cy A Cy Ctl 12.12.01 
LGB 
aoe Read Out AAR A Cy Ctrl 14.71.30 
Body Ctrl Latch 
Table Search Op Code 
Not Console Inhibit AR Read 
Out 
_ Logic Gate Special A 
6. Take a B-cycle. Use Bar to read out tens position 
~ of table argument; an A-channel word mark with units 
or body latch on extends this B-cycle to H; set the high, 
low, or equal compare latch. 
v= Set B Cy Ctrl Standard A Cy Ops 12.12.44 
_ A Cy , 
| B Cy Ctrl Set B Cy Ctrl 12.12.21 
Next to Last Logic Gate | 
| —_~ | 


SIGNAL — 
B Cy 


Read Out BAR 


TLU B Cy 


Stop at H 


CMP Mode B Cy 


Equal Low Latches 
Set 


Low 


CONTROL 
B Cy Ctrl 
LGB 

B Cy Ctrl 


_ Ast + 2nd + 3rd Scan Ctrl 


Logic Gate Special A 


_B Cy 


Table Séscah Op Code 
TLU B Cy 

A Ch WM Bit 

Units or Body Latches 
B Cy 

Table Search Op Code 
CMP Mode B Cy 


Body Latch 

Equal Low Latches Set 
Not Set High Cy 
CMP Low 

LGF 


Locic 
12.12.02 


14.71.31] 


17.18.01 
17.18.02 


17.18.01 
17.14.01 


17.14.02 


7. The next step to be taken is now détemnined by: 
a. A-channel word mark and no B-channel word 


mark. 


b. Compare latch set (low). 
c.Op modifier register character (2). 


Note: the extension of B-cycle to H provides the necessary 


TLU Set B Cy Ctrl 


Set Extn Ctrl Latch 
Extn Ctrl Latch 


Extn Latch 


time to check these conditions. 


Low 

Op Mod Reg Not 1 Bit 
TLU B Cy 

A-Ch WM Bit 

B Ch Not WM Bit 
TLU Set B Cy Ctrl 

Set Extn Ctrl Latch 
Next to Last Logic Gate 
Extn Ctrl Latch 

LGC 


17.18.02 


16.30.05 
16.30.06 


16.30.06 


8. Take continuous B-cycles until a B-channel word 
mark (End of Function Field) is detected; initiate an 
A-cycle for units position of next table argument. 


Set B Cy Ctrl 

B Cy Ctrl 

B Cy 

TLU Set A Cy Ctrl B 


Set Units Ctrl Latch 
Units Ctrl Latch 


Units Latch 
Set A Cy Ctrl 


Standard A Cy Ops 

A Cy 

Set B Cy Ctrl 

Next to Last Logic Gate 
B Cy Ctrl 

LGB 

TLU B Cy 

Low 

Not 1 Bit 

A Ch WM Bit 

B Ch WM Bit 

TLU Set A Cy Ctrl B 
Set Units Ctrl Latch 
Next to Last Logic Gate 
Units Ctrl Latch 

LGC 

TLU Set A Cy Ctrl B 


Questions on Table Lookup Operation — 


12.12.44 


17.18.02 


16.30.01 
16.30.02 


12.12.41 


Answers to review questions are in the Appendix. 


1. When is the table lookup operation terminated? 


2. To locate the desired ee what comparisons 


are madeP 


3. When the cru executes the following instruction, 
what address does the Bar contain when the operation 


is complete? 
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T 02000 12345 2 | - . 7 5. Does the cru perform A-cycles or B-cycles to by- 


Search Argument 01 0 pass functions in the table? 


Table | 005001005008500410000250001 : 6. Does the A-field contain the table argument or the 
4, Is storage data altered as a result of the execution search argument? , 
_ of atable lookup instruction? | 
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The 18m 1410 Data Processing System can be program- 


med to test for conditions that can occur during pro-- 


cessing, and transfer (branch) to a predetermined set 
of instructions or sub-routines as a result of the specific 


test. This is called the logical ability of the system. A 
transfer (branch) from one instruction to another (or — 


set of instructions) to alter the sequential execution of 
program steps is called a program branch. A branch 
instruction can be: 


1. An uncondtiional branch that occurs as a direct 
result of the execution of the branch ‘instruction (no 
special condition, other than the execution of that pro- 
gram step is needed to transfer the program out of its 
normal sequential execution ); or, 

2. A conditional branch that occurs as a result of a 
particular condition such as an arithmetic overflow, 
zero balance, etc. If the condition is present at the time 
that a conditional branch instruction is executed, 
sequential execution of program steps immediately 
following is bypassed. The program branches to the 
address of the instruction specified by the I-address of 


the conditional branch instruction. If the condition is 


not present, the cpu executes the next sequential in- 
struction; no branch occurs. 
All branch instructions have: 


1. A d-character to specify the condition peeeny 
fora program transfer. 


2, An I-address instead of. an A- field: ace The | 


I-address is stored in the aar during instruction read 


_ out. The I-address represents the location of the op . 


code in the instruction to which the acta 
if conditions for the branch are met. 

The cpu executes all branch operations in the same 
manner; the various branch instructions merely estab- 
lish specific conditions which cause the cpu to perform 


the branch operation. To execute a program branch, 


the cru takes a B-cycle; the rar which contains the ad- 


dress of the next sequential instruction, reads out to 


the star and through the modifier to the Bar. The no- 
scan latch is set, causing a most by -ZEYO condition in 
the modifier. 


Note: The B-cycle to transfer the contents of the 1AR 


(containing the address of the next sequential instruc- 


tion) to the BAR permits the program to return to the 


point of interruption when the branched-to routine is | 
completed. To effect the return, the first instruction in 


the branched-to routine must be the store B address 
register instruction. 


Branch Instructions 


Completion of the successful branch is accomplished 
during the subsequent instruction read-out operation 
when the aar (containing the branch I-feld) sets STAR 
rather than the ran. | 

The following controls are active in the execution of 
a successful branch operation: 


SIGNAL _ CONDITION . e Locic 


1. Set modify controls for transfer of IAR to BAR. 


~ Set No Scan Ctrl * | (branch condition) 12.60.04 ° 
Br Ops | | 
Set No Scan Ctrl Set No Scan Ctrl * Br Ops ——1230.05 
No Scan Ctrl Set No Scan Ctrl | 12.30.03 
Next to Last Logic Gate 
No Scan No Scan Ctrl 12.30.01 
Addr Mod Set to 0 No Scan Ctrl | 14.71.41 


2. Set controls to read out AAR during next instruc- 
tion read out cycle (first instruction of branch routine). 


Br to A Conds 
Br to AAR Latch 


(branch condition) 

‘Br to A Conds. 

Next to Last Logic Gate . 
Not 1401 Mode 


3. Takea B-cycle to read out 1aR to BAR; modify by 0 


5 


Set B Cy Ctrl * (branch condition) 12.60.04 
~ BROps » | 
Set B Cy Ctrl Set B Cy Ctrl * Br Ops 12.12.44 | 
B Cy Ctrl Set B Cy Ctrl eae Pal 
/ Next to Last Logic Gate 
-BCy B Cy Ctrl | 12.12.02 - 
| ae LGB < 
Read Out IAR- B Cy Ctrl 14.71.34 
No Scan Ctrl 
LG Special A ~ 
Not Console Inhibit ART 
: , Read Out 
Set BAR. B Cy 
LeD or LGE or LGF 
4, Initiate instruction read out. | 
Last Execute Cy * B Cy 12.60.08 
Br Cond 
No Scan - 
Br Type Op Code: 
Last Execute Cy Last Execute Cy * Br Cond = 12.12.51 
~1CyCtril ~ Set I Cy Ctrl 


| : 19.12.23 
Next to Last Logic Gate : 


5. With branch to sar latch set, the program moves 
to the first instruction in the branch routine. | 
14.71.30 


~ Read Out AAR I Cy Ctl 
| Br to AAR Latch 
_ LG Special A 
Unconditional Branch Instruction ‘ 


The unconditional branch instruction causes the cpu | 


to branch from the routine to the I-address; no condi- 
tion must be satisfied to execute the transfer. The I- 
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(12.60.04 — 
12.60.14 | 


address is the location of the op code in the next in-. 
struction to be executed; for example, the instruction 


-J(05000) causes the cru to unconditionally execute the 


program step beginning in storage position 05000. 


The format for the unconditional branch instruction 


ued 
wR 


Op CODE I-ADDRESS —S..-«:« G-CH ARACTER 
J XXXXX . blank 


a _ Figures 32 and 33 show detailed operation in the 
execution of the unconditional branch instruction. 


© J(D Blank | ee 


- 


ood 


a Set No 
Scan Latch. 
12.30.05 


Set Branch 
to AAR Latch 
12.60.14 


Take a B Cycle | 
12.12.44 


| Read Out IAR 
Set STAR . 

- and BAR = 
14.71.34. ; 3 . 


End Execute 
| and Start 
“Inst Read-Out 


12.60.08 


Take an I Cycle 


“Use AAR to 


‘Read Out Next 
Instruction 


14.71.30 


Reset Branch 
to AAR Latch | 
12.60.14 


Figure 32. Unconditional Branch 
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Conditional Branch Instructions 


~ Test and Branch 
_ The test and branch instruction allows the program to 


test for conditions that can occur during processing and 
cause the cpu to execute a branch operation if the spe- 
cific conditions exists. The format for the test and 
branch instruction is: 


d-cHARACTER 


Op CODE J-ADDRESS | 
Vv 
| see Figure 34 


J _ XXXXX 


The d-character specifies the internal indicator to be 
examined. If the indicator is on, the program branches 
to the I-address for the next instruction. If the indicator 
is off, the cpu executes the next instruction in sequence. 
The various indicators and the d-characters used to 
test them are shown in Figure 34. If an arithmetic or 


divide overflow has occurred when the j(1)z(branch © 


on arithmetic overflow) or j(1)w (branch on divide 
overflow) instruction is executed, the respective over- 
flow indicator is reset. Other test and branch d-char- 
acters do not reset their corresponding indicators. 


When performing a test and branch operation, the — 


d-character in the instruction is set in the op-modifier 
register at I-ring 6 time of instruction read out. De- 
pending on whether the indicator specified by the 


d-character is on or off, either the branch or no-branch | 


condition is brought up at I-ring 7 time (last instruction 
read-out cycle). The branch condition indicates that 
the designated internal indicator is on, and the cpu per- 
forms the branch to the I-address. The no branch con- 
dition indicates that the indicator tested is off and 
brings up last execute cycle; the cpu does not perform 


the branch operation, but begins the instruction read- 


out phase of the next instruction in sequence. Figure 
35 shows a diagrammed explanation of the test and 
branch operation. oe 7 

The following controls are among the controls opera- 
tive in the execution of the test and branch instruction 
(cpu operations in performing a successful branch are 
described earlier in the section): 


SIGNAL. CONDITION Locic 
_l. Op modifier register set with d-character. 
Set Op Mod Reg I Ring 6 Time 15.38.04 
1 Addr Plus Mod Op Codes 
LGE | 


2. Test internal indicator specified by d-character 


(Figure 34); if indicator is on, a program branch is 


executed. 


2nd Cond A Br 


9nd Cond A Br 12.60.02 
Gated | 7 | ; 


wD 


Branch If Il-O Channel Status Indicator On 
The format for the branch if 1-o channel status indicator 


on instruction is: 


er 


PON 


— 


ers 


SYNC ~ ~ TLOCATION . PROGRAM 
BCYCLE 11CIHI7C | 0001 Joo001 


| LINENAME |. “LOGIC PAGE TEST POINT. 


Oo 


1, LOGIC GATES 


~ ERING. 


. [CYCLE CTRL 


. | CYCLE 


. SET OP MOD 


. LAST INSN R.O, 


. BR TO AAR 


. SET NO SCAN 


. SETBCYCLE - 
. B CYCLE CTRL 


. B CYCLE 


. LAST EXEC 


~ TRING CTRL 


12.12.23 
5142.12.04 
15.38.04 


12.13.05 


12.60.14 


12.60.04 


12.60.04 
12.12.21 


12.12.02 


12.60.08 


12.13.01 


TCICIIC 


11C1H22H 


11D1HI9H 


1ICIHI2G 


11D1BI5C 


11D1B17C 


1IDIAIID 
11C1A04B 


TICIHI7C 


11D1A23D 


11C1J10B 


14.71.34 11C1C12H | 


14.71.30 WICICIIG 


. LOGIC GATES 


Figure 33, Unconditional Branch Timings 


i} 


_OP CODE T-ADDRESS -. d-CHARACTER 
R (Channel 1 ) XXXXX see Figure 36 
-X (channel 2) XXXXX see Figure 36 


_ The cru executes a program branch to the I-address 
if the 1-o channel status indicator(s) specified by the 
op code and the d-character in the instruction is on. 
I-o channel status indicators turn on as a result of con- 
ditions that occur during operation of any of the input- 
output units serviced by the channel. 

_ The bit configuration of the d-character used in the 
branch if 1-o channel status indicator on instruction 


designates the indicators to be tested. This instruction _ 
with a group mark (=) d-character must be given prior © 
to the execution of another input or output instruction 


on the same channel to avoid interlocking the system. 
The system is interlocked if the status test is not satis- 
fied. The status test is satisfied if: | 

1. A branch if any 1-0 channel status indicator on 
instruction, R or X (I) =, is given prior to the next 
I-O unit instruction; or, 

2. A specific Ror X (1) d instruction (Figure 36) is 
given and results in a successful branch prior to the 
next I-O unit instruction. | 

If an R (I) == (B, A, 8, 4, 2, and 1 bits in the d- 
character ) instruction is given following a channel 1 
input-output operation, the instruction tests all channel 
1 1-0 channel status indicators, and if any indicators 
are on, the program branches to the specified I-address. 
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Indicator 


Unconditional Branch 

Carriage Channel 9 

Carriage Overflow (Channel 12) 
Compare Unequal 

Compare Equal (B=A) 

Compare Low (B < A) 

Compare High (B > A) 

Zero Result 

Divide Overflow 
Arithmetic Overflow 

Overlap in Process on Channel 1 

~ Overlap in Process on Channel 2 

Printer Carriage Busy 

Branch Inquiry 

Branch on Tape Mark Record 12.61.18 


9 
@ 
j 
S 
T 
U 
V 
W 
Z 
2 
R 
Q 
K 


Figure 34. Branch Conditions for Test and Branch Instruction 


The program can then test the indicators (individually 
or in groups, depending on the bit structure of the d- 
character) to determine the exact condition present. 

If the system is equipped with the input-output over- 
lap feature, the program should first test the overlap- 
in-process indicator with a test and branch instruction. 
This insures that the overlapped 1-o function is com- 
plete before the branch if 1-o channel status indicator 
on instruction is given. A branch if 1-o channel status 
indicator on instruction executed while the machine is 
performing an 1-0 overlap operation causes the machine 
to interlock until the overlapped function is complete. 

The test and branch on 1-0 channel status indicator 
on instructions are quite similar in operation. However, 
in the execution of the branch if 1-o channel status indi- 
cator on instruction, if the channel to be tested is in 
process at I-ring 6 time, the disable-compute cycle is 


brought up to stop the cpu clock and prevent testing 


the indicators until the operation is complete. Figure 
37 shows a diagrammed explanation of the branch if 
3-0 channel status indicator on instruction. 

_ The following controls are active in the execution 
- of the branch if 1-o channel status indicator on instruc- 
~ tion (cpu operations in performing a successful branch 
are described earlier in the section): 


; SIGNAL _ CONDITION | Loerie 
I. Op mod register set with d-character. 
Set Op Mod Reg I Ring 6 Time : 15.38.04 
1 Addr Plus Mod Op Codes 
_LGE 


2. Check 1-0 channel for in process condition. When 


1-0 channel is in process, bring up compute disable. 


E Ch In Process (Overlap operation on 13.60.04 
7 channel d; 7 7 
Compute Disable Cy E Ch In Process . 12.12.60 


Br On Status Channel 1 


3. Test external indicator specified by d-character; if 
indicator is on, execute a program branch. 
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. | 
5 ; Test and Branch 
. Instruction 


Op Modifier Reg ) 
Set at 16 
15.38.04 


Internal 
Indicator 
Tested On? 
12.60.01-03 


Tested at 
Last Instruction 


Read - Out 


Set No Scan 
Latch 
12.30.05 


Used For Set Branch 
Next Instr — to AAR Latch 
Read - Out ; 12.60.14 


| TakeaB Cycle 
12.12.44 


Read Out TAR, 
Set STAR Mod by 
Zero, and Set BAR 
14.71.34 


End Execute and 
Start Instruction 
Read Out 
12.60.08 


Take anI Cycle] 


Branch to 
AAR Latch 
On? 


Use AAR to 
Read Out Next 
Instruction 


14.71.30 


Use IAR to 
Read Out Next 
Instruction 


14.71.34 


Reset Branch 
to AAR Latch 
12.60.14 


Continue 
Normal 


~ Instruction 


Read-Out 


Figure 35. Test and Branch 


2nd Cond A Br Last Instruction Read Out 12.60.02 
Gated | Cy (Op Mod Reg) 


Note: I-O status latches for a given channel reset at I ring 
4 time of a M/L instruction that uses that channel or at I ring 
1 time for two character only ops. 


oo 
* 


) 


Branch if I-O unit not ready Not Ready 


Branch if I-O unit busy 


Branch if I-O data check 


Branch if l-O condition 


12.60.02 


The indicator is internally set during instructions involving 
I-O devices if these devices or their associated synchronizers 
are in a not ready condition, but before data transfers are 
taken. If the indicator is on, the operation is terminated; 
no data are transferred. 


Busy 2 12.60.02 | 12.60.15 | The indicator is internally set during instructions involving 
| I-O devices if these devices or their associated synchronizers 
are in a busy condition, but before data transfers are taken. 
If the indicator is on, the operation is terminated; no data 
are transferred. 


Data Check 4 12.60.02 | 12.60.15 | The indicator is set on after data transfers to or from 1-O 
| devices, their associated synchronizers, or the CPU if a 
parity error was detected during the transfer. 


12.60. 15 


Condition 12.60.15 | The indicator is normally set during the move or load in- 
struction before data transfers occur. For example, the indi- 
cator is set on if an end of file (last card stacked) has oc- 
curred in the card reader. When the indicator jis on, the 
operation ends. 


Branch if I-O no transfer No Transfer 12.60.02 | 12.60.15 | The no transfer indicator is set when no data are woaileble 
to be transferred. 


Branch if |-O wrong length Wrong Length 
record Record 


Branch if any I-O channel 
status indicator on 


12.60.02 


12.60.15 | The wrong length record indicator is set when the record 
written in storage or read from storage is not the correct 


length. 


cia ee 12.60.02 | 12.60.15 | Branch to I-address if any I-O channel status indicators 
. are on. re 


Figure 36. Branch Conditions for Branch if I-O Channel Status Indicator on Instruction 


Branch If Character Equal 


F ormats for the branch if character equal instruction 
are: 


OP CODE I-ADDREsS B-ADDRESS -d-CHARACTER 
B XXXXX XXXXX any BCD character 
B XXXXX 
B 


The branch if character equal instruction causes the 
character in the storage position designated by the 
B-address to be compared to the d-character in the 
instruction. If both characters (the character in storage 
and the d-character) have the same bit configuration, 
the cpu executes a program branch to the instruction 
beginning at the I-address. If the two characters are not 
exactly the same, the cpu executes the next instruction 
in sequence. If the instruction specifies only the op 
code, the contents of the AAR, BAR, and op mod register 
from the previous operation designate the I-address, 
B-address, and d-character, respectively. Word marks 
do not affect this operation. 

When the branch if character equal instruction is 


executed, the compare high, low, or equal indicator is” 


set. The high indicator is set if the B-address character 


is higher than the d-character (collating sequence). 
The branch if character equal instruction causes the 
cpu to take a B-cycle to read out the character at the 


B-field address onto the B-channel. The op modifier | 


register is gated to the A-channel. A comparison be- 
tween the A- and B-channel characters is made in the 
compare and adder units. If the equal latch is set, the 
program branches to the I-address in the aar. In all 


other cases, the cpu executes the next sequential in- 


struction. Figures 38 and 39 show diagrammed opera- 
tion of the branch if character equal instruction. 

The following controls are active in the execution of 
the branch if character equal instruction (cpu actions 


in performing a successful branch are described earlier | 


in the section): 


SIGNAL CONDITION Locic 
1. Set op mod reg with d-character. ’ 
Set Op Mod Reg I Ring 11 Time 15.38.04 


2 Addr Plus Mod Op Codes 
| LGE 
2. Prepare cpu to read out character designated by 
BAR. | 
Set Ist Scan Ctrl 


Ist Scan First Op Codes 12.30.05 


Last Instruction Read Out Cy 
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cowed 


Branch If I/O 
Channel Status 
Indicator On 
Instruction 


Is the Channel ' 
in Process? 


No 


Cs 


Compute | Op Mod Reg © 
Disable Set at I6 
12.12.60 15.38.04 


Indicator (s) 
Specified by 
d Char On? 
12.60.02 


Set No 
Scan Latch 
12.30.05 


sed for Set Branc 
Next Inst ]—— to AAR Latch 
Read-Out 12.60.14 


Take a B Cycle 
12.12.44 


Read Out IAR 
and Set STAR 
and BAR 

14.71.34 


Read-Out 
12.60.08 


Take anI Cycle 


Is Branch 


to AAR 
Latch On? 


oes Set Branch Used for Next 
to AAR Latch Instruction 
. Read-Out 


End Execute and 
Start Instruction 


Branch if 
Character Equal. 
Instruction 


Set First 
| Scan Latch 
12.30. 1 


Set Units Latch 
16.30.02 

Take a B Cycle 
| 12.12.44 


Use BAR to 
Read-Out B Char 
14.71.31 y 


Gate Op Mod 
to A Channel 
15.38.02 


Set Compare Latch 
17.15.06 . 


Is Compare 
High, Low, or 
Equal Indicator 
on? 


Equal | High or Low 


Set No 
Scan Latch 
~ 12.30.05 | 


12.60.14 


Take a B Cycle 
12.12.44 


Read Out IAR; 
Set STAR and 
BAR 
14.71.34 


End Execute; Start 
Inst Read-Out 
12.60.08 


Pa 


Take anI Cycle 


Z Use AAR to Use TAR to | ieee 
Read Out Next Read Out Next Yes 4s Brane No 
Instruction Instruction to AAR 


Latch On? 


14.71.30 14.71.30 


Reset Branch | — Use AAR to 
to AAR Latch | . . Read Out 
12.60.14 | Next Inst 


14.71.30 


Use IAR to 
Read Out 
Next Inst 


14.71.34 


Figure 37. Branch if I-O Channel Status Indicator On 
. Reset Branch to 
AAR Latch | 


12.60.14 


Figure 38. Branch if Character Equal 
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+) 


Se 
£ S , oe L . 
SYNC) ] LOCATION ~ PROGRAM 
Ta ; | 1 90001 «~=——Ss«Bo000100100x 
Address Switches 00013 ae vy 
00013 Y 
1 ooi00 a 
form | 
LINE NAME LOGIC PAGE TEST POINT 
1, LOGIC GATES 
be . LAST INSN R.O. 12.13.05 11C1H12G 
ss . 1ST SCAN CTRL 12.30.03 11C1F23L 
. 1ST SCAN 12.30.01 LICIE26A 
f . UNITS CTRL 16.30.02 IC2E21A 
. UNITS 16.30.02 11C2D16A 
eos 
. BCYCLE CTRL 12.12.21 11C1A04B 
o~ . BCYCLE 12.12.02 1ICIHI7C 
. RO. BAR 14.71.31 TICICIIH 
ae . GATE OP MOD TO "A" CH 15.38.02 11C3C17A 
. "W" TYPE BR. COND 12.60.02 11D] DO9F 
? . SET NO SCAN CTRL 11D1B17C 
——_ 
ang % . SET B CYCLE CTRL 12.60.04 — 11IDIAIID 
. BR TO A COND 12.60.04 11D1B24D 
rs 
. BR TO AAR 12.60.14 11D1B15C 
. NO SCAN CTRL 12.30.03 11CIGI7C 
ess 14.71.34  11C1C12H 
. LAST EXECUTE 12.60.08 11D1A23C 
. LCYCLE CTRL 12.12.23 HCICHIC 
f : 
14.71.30 lICICHG 
n ae 
. LOGIC GATES ~, 
~~ Figure 39. Branch if Character Equal Timings 
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SIGNAL CONTROL ~~ Loeic 


Ist Scan Ctrl Set Ist Scan Ctrl 12.30.03 
a Next to Last Logic Gate 

Set Units Ctrl Latch Last Instruction Read Out Cy 16.30.01 
Units Ctrl Latch 
Next to Last Logic Gate 

Units Ctrl Latch 16.30.02 
LGC 


3. Take a B-cycle to read out B-field character onto 
B-channel. ae 


Units Latch 


Set B Cy Ctrl B Cy First Op Codes 12.12.44 
Last Instruction Read Out Cy 
B Cy Ctrl Set B Cy Ctrl 12.12.21 
Next to Last Logic Gate 
B Cy B Cy Ctrl 12.12.02 
7 LGB 
Read Out Bar B Cy Ctrl 14.71.31 


Ist + 2nd + 3rd Scan Ctrl 

Read Out BAR on Scan B Cy 
Ops 

LG Special A 

Not Console Inhibit AR 
Read Out 


4, Gate op mod register character to A-channel and 
compare with B-channel character; if the characters 
are equal, execute a program branch. 


Gate Op Mod Reg B Cy 15.38.02 
to A Ch Op Mod to A Ch on B Cy Ops 

Comp Equal Adder Equal 17.15.06 

lst Cond A Br Gated Comp Equal 12.60.03 


Char Test Br Op Code 


Branch If Bit Equal — 


The instruction formats for the branch if bit equal 
instruction are: 


OP CODE I-ADDRESS B-ADDRESS d-CHARACTER 
Ww XXXXX__ XXXXX any BCD character 
W XXXXX 
WwW 


The branch if bit equal instruction causes the char- — 


acter located in the storage position designated by 
the B-address to be compared, bit by bit, with the 
d-character in the instruction. If any bit in the char- 
acter at the B-address matches any bit in the configura- 
tion of the d-character, the program branches to the 
I-address. Word marks and C-bits are not compared. 
For example, if position 06779 (B-address) contains a 
Z (cBasi bits) and the d-character in the branch if 
bit equal instruction is 3 (c21 bits), the program 
branches to the I-address because the 1 bit is common 
in the d-character and the B-address character. 

The branch if bit equal instruction causes the cpu 
to take a B-cycle to read out the character at the B- 
field address onto the B-channel. The d-character is 
_ gated to the A-channel. Bits in the characters on the 
A- and B-channels are compared, but the compare unit 
is not used. If any bit in the character on the A-channel 
matches a bit in the character on the B-channel, the 
CPU executes a program branch. If the characters on 
the A- and B-channels do not contain at least one 
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Set Units Ctrl Latch 16.30.02 » 


common bit, the cpu performs the next instruction in 
sequence. Timings for the branch if bit equal instruc- 
tion are identical to those in the branch if character 


equal instruction shown in Figure 39, The following 


controls are active in the execution of the branch if bit 
equal instruction: 


SIGNAL | CONDITION Locic 
1. Op mod register set with d-character. 
Set Op Mod Reg I ring 11 Time 15.38.04 
2, Addr Plus Mod Op Codes 7 
LGE 


2. Prepare cpu to read out character designated by 
BAR. 


Set Ist Scan Ctrl lst Scan First Op Codes 12.30.05 
Last Instruction Read Out Cy 
Ist Scan Ctrl Set Ist Scan Ctrl 12.30.03 


Next to Last Logic Gate 


Set Units Ctrl Latch — Last Instruction Read Out Cy 16.30.01 


Units Ctrl Latch Set Units Ctrl Latch 16.30.02 
Next to Last Logic Gate | 

Units Latch Units Ctrl Latch 16.30.02 
LGC | 


3. Take a B-cycle to read out B-field character onto 
B-channel. 


Set B Cy Ctrl 
| Last Instruction Read Out Cy 
B Cy Ctrl Set B Cy Ctrl 12.12.21 
' Next to Last Logic Gate 
BCy — B Cy Ctrl 12.12.02 
LGB 
Read Out BAR B Cy Ctrl 14.71.31 


Ist + 2nd + 3rd Scan Ctrl 

Read Out BAR on Scan B 
Cy Ops 

LG Special A 

Not Console Inhibit AR 
Read Out 


4. Branch if any bits equal. 


Ist Cond A Br Gated 8B Cy, Ist Scan (and A and 12.60.03 
B Ch bits equal), Bit Test 
Branch Op Code 


Branch On Word Mark Or Zone Equal 


Formats for the branch on word mark or zone equal 
instruction are: 


OP CODE I-ADDRESS B-ADDRESS d-CHARACTER 
V XXXXX XXXXX see Figure 40 
V XXXXX 
V 


The branch on word mark or zone equal instruction 


causes the cpu to examine the character located in the . 


storage position designated by the B-address for the 
zone or word mark combinations specified by the d- 
character. If conditions for the branch are satisfied, 
the cpu executes the program branch to the instruction 
at the I-address. | ; 

A one-bit in the d-character examines the B-address 
character for a word mark. A two-bit in the d-character 
compares the zone bits in the B-address character with 
the zone bits in the d-character. A combination of one- 


B Cy First Op Codes 12.12.44 


—_— 


. 


Set Op Mod Reg 


and two-bits in the d-character allows either a word 
mark or an equal zone bit comparison to initiate a 


_ branch to the specified I-address. If the program does 


not branch to the I-address, the cpu executes the next 
instruction in sequence. The d-character and the con- 


ditions they test are shown in Figure 40. 


Significant Bit 
in d-Character | d-Character Condition for Branch Logic 


12.60.03 
12.60.03 
12.60.03 


1-bit Branch on word mark 
2-bit Branch on zone equal 
l= and 2-bits Branch on zone equal or 
Word Mark 


Figure 40. Conditions for Branch on Word Mark or Zone 
Equal Instruction 


When the d-character in the branch on word mark 
or zone equal instruction contains a two-bit, the cpu 
takes a B-cycle to read out the character at the B- 
field address onto the B-channel. The op modifier regis- 
ter is gated to the A-channel. Zone bits in the two char- 
acters are compared in the compare unit. The high, 
low, and equal compare latches are not disturbed as 
a result of the comparison. If the zone bits in the two 
characters are equal, the program branches to the I- 
address. When the d-character in the branch on word 


_ mark or zone-equal instruction contains a one-bit, the 


character located in the position designated by the 
B-address is read out of storage and examined for a 
word mark in the B-data register. If the character 
contains a word mark, the program branches to the 
I-address. Figure 41 shows crv action in the branch 
on word mark or zone-equal instruction. Timings for 
the instuction are identical to those in the branch if 
character equals instruction shown in Figure 39. 

_ The following controls are active when the cru per- 
forms the branch on word mark or zone equal in- 
struction: 


SIGNAL CONDITION Locic 


1. Op mod register set with d-character. 


I Ring 11 Time 
2 Addr Plus Mod Op Codes 
LGE 


2. Prepare cpu to read out character designated by 
BAR. 


15.38.05 


Set Ist Scan Ctrl Ist Scan First Op Codes 12.30.05 
Last Instruction Read Out Cy 
Ist Scan Ctrl Set Ist Scan Ctrl 12.30.03 


Next to Last Logic Gate 


SIGNAL - ConprTiIon | Locic 

Set Units Ctrl Latch — Last Instruction Read Out Cy 16.30.01 

Units Ctrl Latch ~ Set Units Ctrl Latch | 16.30.02 
Next to Last Logic Gate : 

Units Latch Units Ctrl Latch 16.30.02 


LGC 
3. Take a | Becycle to read out B-field character to 
B-channel. 


Set B Cy Ctrl B Cy First Op Codes 12.12.44 
Last Instruction Read Out Cy 

B Cy Ctrl Set B Cy Ctrl . A221 
Next to Last Logic Gate 

B Cy B Cy Ctrl 12.12.02 
LGB 

Read Out BAR B Cy Ctl 14.71.31 


Ast + 2nd + 3rd Scan Ctrl 
Read Out BAR on Scan B 
Cy Ops 
Logic Gate Special A 
Not Console Inhibit AR 
Read Out 


4. Op mod register containing a 1-bit is switched 
with B-channel word mark bit to determine branch 
or no branch condition. 


Ist Cond A Br Gated Op Mod Reg 1 Bit 
B Ch Word Mark Bit 
Zone or Word Mark Test 
Br Op Code 


5. Gate the op modifier character to the A-channel. 


Gate Op Mod Reg to Op Mod to A Ch on B 15.38.02 
A Ch on B Cy Cy Ops 
6. Op mod register containing a 2-bit is combined 
with compare zone equal to initiate branch. 
Comp Zone Equal (Compare Matrix) 
Ist Cond A Br Gated Op Mod Reg 2 bit, Comp 
Zone Equal, B Cy, Ist 


Scan, Zone or Word Mark, 
Test Br Op Code 


12.60.03 


17.15.04 


Questions on Branch Operations 


Answers to review questions are in the Appendix. 

I. What is the basic difference between conditional 
and unconditional branch instructions? 

2. Where is the I-address in a branch instruction 
stored during instruction read out? 

3. When is the completion of a successful branch 
operation accomplished? 

4. If the system is equipped with the 1-0 overlap 
feature, why should the program first test the overlap- 
in-process indicator before the branch if 1-o channel 


status indicator on instruction is executed? 


5. List the branch instructions that can be chained. 

6. When a chained branch instruction specifies only 
the op code, what I-address, B-address, and d- character 
is used in the operation? 
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Branch On 
WM or Zone 
Equal Inst 


Set First Scan | 
Latch 
12.30.01 


| Set Units Latch | 
16.30.02 | 
Take a B-Cycle 
12.12.44 


Use BAR to | 


Read Out B Char 
14.71.31 


Gate Op Mod to | 
A Channel | 
15.38.02. 


Is There a 


Is Op Mod 
Zone Equal to 
B Channel Zone? 
12.60.03 


Is There a 


Yes 


Set No Scan 
Latch 
12.30.05 


| Used for 
Next Instruction 
Read-Out 


Set Branch to 
AAR Latch 
12.60.14 


Take a B Cycle 
12.12.44 


Read Out IAR; 
Set STAR and 
BAR 
14.71.34 


End Execute; Start 
Inst Read-Out 
12.60.08 


Take an I Cycle 


a Is Branch 
Yes to AAR No 

Latch On? 

12.60.14 | 


Use AAR to Read» 
Out Next Inst 
14.71.30 


Reset Branch 
to AAR Latch 
12.60.14 


Figure 41. Branch on Word Mark or Zone Equal 


Use IAR to Read 


Out Next Inst 
14.71.34 


) 


Instructions that cause miscellaneous operations are: 
store address register, set word mark, clear word mark, 
clear storage, clear storage and branch, halt, halt and 
branch and no operation. These instructions are used 


to facilitate programming and prepare SHORE areas 


for processing data fields. 


Store Address Register Instruction 
The format for the store address register instruction is: 
d-CHARACTER 
A, B, E, or F (see Figure 42) 
The store address register instruction causes the 
cpu to store the contents of the address register desig- 


Op CODE C-ADDRESS 
Vv 


G XXXXX 


Store contents of A-address register 
Store contents of B-address register 
Store contents of E-address register 
Store contents of F-address register 


Figure 42. Store Address Register Operations and d-Characters 


nated by the d-character in the C-field. The C-address 
specifies the storage location in which the units position 
of the register contents are to be stored. Word marks 
in the C-field have no effect on the operation. An ex- 


1S: 

Before the cpu executes a successful branch operation, the 
address of the next sequential instruction is stored in the 
B-address register. If the first instruction after the branch 
operation is the G (xxxxx) B instruction, causing the contents 
of the B-address register to be stored, the program can return 


‘to the point of interruption by retrieving the stored contents 


of the BAR. 


To execute the store address register instruction, the 
cru takes five C-cycles. The C-address register is modi- 
fied by —1 during each C-cycle. The A-ring advances 
to AG to serially gate each position of the selected ad- 
dress register to the address exit channel. Data on the 
address exit channel are switched to the A-data register, 
to the A-channel, through the assembly to the storage 
location addressed by the car. The units position of 
the selected address register contents is stored in the 
C-address position at A-ring 2 time. The operation ends 
after the 10,000 position of the selected address register 
is stored at A-ring 6 time. Figures 43 and 44 show de- 


ample of the use of the store address register instruction | 


pa 


Miscellaneous Instructions 


tailed operation in the execution or the store address 
register instruction. 

The following controls are active in the: execution 
of the store address register instruction: _ 
_ CoNnTROL | ~ Locic 


1. Develop store address registers. 


SIGNAL 


Store Addr Regs Op DCDR 4, 2,12 13.13.07 
Op Code Op DCDR 8, A, Not B 
Op Reg Ars Not C Bit 
2. Set car during instruction read out. 
Set CAR Store Addr Regs Op Code 14.71.12 
lst Address B Ch Not 
WM Bit " 
Instruction Read Out Gate 
3. Modify by ae ee 
G Op Set C Cy Store Addr Reg Op Code 12.12.42 
Ctrl A Last Instruction Read Out Cy 
Set Ist Scan Ctrl G Op Set C Cy, Ctrl A 12.30.05 
Ist Scan Ctrl Set Ist Scan Ctrl © 12.30.03 
| Next to Last Logic Gate 
4, Set A-ring 1 time. i» 4 
Set A Ring 1 Trigger Store Addr Reg Op Code 14.70.10 
| Last Instruction Read Out Cy 
, | LGF 
A Ring 1 Time Set A Ring 1 Trigger 14.70.01 
5. Take a C-cycle. 
Set C Cy Ctrl G Op Set C Cy Ctrl A 12.12.42 
- C Cy Ctl Set C Cy Ctrl 12.12.20 
| Next to Last Logic Gate © 
6. Address storage with car and modify car. 
Read Out CAR Store Addr Regs Op Code _—14.71.32 
C Cy Ctrl | 
Logic Gate Special A | 
Reset CAR C Cy Ctrl Logic Gate 14.71.22 
Early B 
Set CAR C Cy Ctrl, LGB or LGC 14.71.12 
C Cy Ctrl, LGD or LGE or 
-LGF | 
7. Advance A-ring. . 
A Ring Adv LGB 14.70.11 


8. Read out address register that op mod character 
indicates. 


Store Addr Reg Ops Store Addr Regs Op Code 14.71.30 
Req Gate C Cy 
LGB to Last Logic Gate | 
Read Out AAR Store Addr Reg Ops Req 14.71.30 


Gate 
~ A Symbol Op Modifier 


or Read Out BAR Store Addr Reg Ops Req Gate 14.71.31 
B Symbol Op Modifier 
or Read Out EAR Store Addr Reg Ops Req Gate 14.71. 35 
E Symbol Op Modifier - 
or Read Out FAR Store Addr Reg Ops Req Gate 14.71.36 


F Symbol Op Modifier 
9. Scan out positions of selected address register. 
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Regen Ist Scan Latch 


12.30.05 


A Ring 2, 3, 4, 5 


Figure 43. Store Address Register 
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Store Address 
Reg Inst 


Set Ist Scan Latch 


12.30.05 


Set Units Latch 


16.30.05 - 


Set A Ring to Al 


14.70.10 


Take a C Cycle 
: 12.12.42 


Use C AR to 
Address Storage 


14.71.32 


Advance A Ring 
14.70. 71 


RO AR Selected by 
Op Mod Char 
14.71.30 | 


Reset a Data Reg 
15.38.01 


Gate AR to 


AR Exit Bus 


Gate AR Exit to | 
a Data Reg 
| 15.38.01 ; 


Gate a Data Reg 
toa Ch 
15.38.02 | 


Gate Assm Ctrls 
to Storage FE — — — — — 


15.49.03-04-05 


A Ring 2,3,4, 


5, or 6? 


C AR is Set from ly 
Through |5; Other 
Address Regs are 

Not Disturbed 


Set ST AR, Mod by 
-] and Set C AR 


14.71.12 | 


A Ring 2 Gates U.P. 
A Ring 3 Gates T.P. 
A Ring 4 Gates H.P. 
A Ring 5 Gates Th.P. 


Use B Ch WM_ 15.49.04 
Use B Ch Zones 15.49.05 
Use A Ch Num 15.49.03 


End Oper 
Start Inst RO 


12.12.51 


- A Ring 6 Gates T Th.P. 


"sy 


SYNC 


[ . 
| LOCATION PROGRAM - 
Address Switch 00008 | 00001 = G01000B 


00008 =—- Joo001b 

0001I5tis«éY 
LINE NAME LOGIC PAGE _‘ TEST POINT 
| Fae lefole F|i fe cfolefr| i 2 [foe [Flo] 14 fo] folefr| qm AGavieulad a 
1, LOGIC GATES . | CD I DAA SE ae oe ee Pe a J Ce De Ga — | 
. LAST INSN R.O. 12.13.05 l1ICIHI2G a : 


. C CYCLE CTRL 12.12.20 11C1G21H 


. C CYCLE TICTFI9F 


ld 


. UNITS CTRL 16.30.02 11C2E21TA 


_ UNITS : 16.30.02 11C2D16A 
_ 1ST SCAN CTRL 12.30.06 11CIF23L 


. 1ST SCAN 12.30.01 11CIE26A 
14.71.32 lICICIIE 


. R.O. BAR 2 14.71.31 TICICTIH 


. RESET A REG . 15.38.01 11C3C15P 


. ARTO A REG 15.38.01 1IC3EI8F 


. SET A RING 14.70.10 11C1TA04D 


PENS If le 


a a a ae se | 


- ARING 1 14.70.01 TICIEO3C 


. RING 2 14.70.02 11CIDO4C 


Hedge 


. RING 3 > 14.70.03 11CIDO5C 


14.70.04 11CIHI7H 
14.70.05 11C1DO7C 
14.70.06 11C1D08C 


. LAST EXECUTE 12.12.51 . 11C1H23B 


PY Pritt 


a 
{oJ 
re 
= 


hae 
[oy 
a) 
Es 


. LOGIC GATES 


Pepe ty ee 


Figure 44. Store Address Register Operation Timings 


) 
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. Addr Senr 2 Pos 
' AR Bus Gtd Out UP 


Use A Ch Nu 


G Op Set C Cy Ctrl B_ Store Addr Regs Op Code 


e Cy Ctrl 


SIGNAL > + CONTROL Locic 


A-Ring 2 Time 
Addr Senr 2 Pos 14.17.01 
Bits ‘ 
A similar circuit is developed to read out tens position at 
A-Ring 3 time, etc.-ta put the selected address register bits on 
the address exit channel. 


10. Switch address exit bits to storage. 
Reset A Data Reg Store Addr Reg Op Code 
C Cy Ctrl 
| LGC . 
Sw AR Exit Ch to Store Addr Reg Op Code 
A Reg C Cy, LGD 
Gate A Data Reg to C Cy, Not CR Disable 
ACh 


G Op, C Cy 


15.38.01 


15.38.01 
15.38.02 
Store Addr Regs Op Code 15.49.04 
C Cy 

G Op, C Cy 
Use B Ch Zones G Op, C Cy 
Use B Ch WM G Op, € Cy 


11. Repeat steps 5-10 if A-ring is 2, 3, 4, or 5. 


15.49.03 
15.49.05 
15.49.04 


12.12.42 

A Ring 2, 3, 4, or 5 Time 

G Op Set C Cy Ctrl B 

Regen Ist Scan Ctrl 

Ist Scan, Next to Last 108s 
Gate 

G Op Set C Cy B 

Set € Cy Ctrl 

Next to Last Logic Gate 


12. tena last execute cycle. 


Store Addr Reg Op Code 
A Ring 6 Time 
Ist Sean 


Regen Ist Sean Ctrl 
Ist Scan Ctrl 


12.30.05 
12.30.03 


Set C Cy Ctrl 12.12.42 


12.12.20 


12.12.51 


Questions on Store Address Register Operation 
Answers to review questions are in the Appendix, _ 

1. What storage position does the C-address in the 
store address register instruction specify? 

2. What purpose does the d-character in the store 
address register instruction serve? 

3. List the address registers whose contents can be 
stored by erome the store address register instruc- 
tion. 

4. What effect dio C-field word marks have on the 
operation? 

5. When does the store address register operation 
end? 

6. When is the character in the units position of the 
selected address register stored? 


Set Word Marks Instruction 


The set word mark instruction causes the cru to store 


word marks in designated core ee locations. Data 


in the addressed storage position are not disturbed. 


The set word mark instroction can have one of the 


following formats. 


14.70.02 


a 


Op CODE B-ADDRESS 


XXXXX XXXXX 


eK vau < 


~ If the set word mark instruction contains A- and B- 
addresses, a word mark is set in the specified A-address 


location and in the designated B-address position. If 


the set word mark instruction contains only one address 
(A-address ), a word mark is set twice in the specified 
A-address location. If the address instruction is in- 
dexed, a word mark is set at the location specified by 


the indexed A-address. If the instruction is given with 
no address specified (a no-address chained instruc- 


tion}, word marks are set in the address locations 
designated by the A- and B-address registers (contents 
from the previous operation). 

To execute the set word mark instruction, the cpu 
takes an A-cycle and a B-cycle. During the A-cycle, 
the A-address character is read from storage to the 
B-channel. A word mark bit is added to the character 
in the assembly unit, and a check bit is added or re- 


-moved to maintain odd parity in the eight bit planes 


(seven scp planes and the word mark plane). The 


character and the word mark bit are gated to storage. 
During the B-cycle, the character at the B-address is 
read from storage and gated onto the B-channel. A 


word mark bit is added to the character in the assembly 
unit, and a check bit is added or removed to maintain 
odd parity. The character and the word mark are gated 
to storage. If only one address is specified, the A-data 
address is stored in both the A- and B-address registers 
during instruction read out. Therefore, when execute 
phase begins for a single address instruction, the 


A-data address is in both the A- and B-address regis- 


ters, causing a word mark to be set twice in the same 


location: once during the A-cycle and once during 


the B-cycle. 

Hf the set word mark instruction contains no address, 
word marks are set in the A- and B-addresses specified 
in the previous instruction. The cpu executes the opera- 
tion as if the instruction contained two addresses. — 

Figures 45 and 46 show detailed operation in the 
execution of the set word mark instruction. 


__ The following controls are active in the execution of 
the set word mark instruction: 


SIGNAL CoNTROL. | | Locic 
l. Set modifier ctrls to —1. | 


Set Ist Scan Ctrl Ist Scan First Op Codes 
Last Instruction Read Out Cy 
Set Ist Sean Ctrl 
Next to Last Logic Gate 
Ist Sean Ctrl 
LGC 
Addr Mod Setto -1 — Ist Scan Ctrl 
2. Set the units latch. 


Ist Sean Ctrl 12.30.03 
Ist Sean 12.30.01 


14.71.41 


aan 


a 


Set Word 
Mark 


Instruction 


Set First 
_ Sean Latch 
12.30.05 


Set Units Latch 
16.30.05 


| Take an A Cycle 
| 12.12.41 | 


Use AAR 
to Read Out 


A Field Char 
14.71.30 


Gate Char From | 
} Storage to 

Assembly Unit 
| 15.49.05 


| Add Word Mark | 
| Bit to Char and | 
Invert C Bit © 
17.13.01 


| Gate Char and | 
| Word Mark to 


B Cycle 
B Cycle? / 


Regen First 
Scan Latch 
12.30.05 


Take a B Cycle | 
12.12.44 | 


| Use BARto | 
[Read Out B Field] 
Char 
14.71.31 


Figure 45. Set Word Marks 


SIGNAL CONTROL 


Set Units Ctrl Latch 


Units Ctrl Latch Set Units Ctrl Latch | 


Next to Last Logic Gate 


Units Ctrl Latch 


Units Latch 
. LGC 


3. Initiate an A-cycle, and read out first A-field char- 


acter. 


12.12.51 


Locic 
Last Instruction Read Out Cy 16.30.01 
16.30.02 


16.30.02 


End Op Start 
| Inst Read-Out 


CONTROL | 
Set A Cy Cul . 


ACy Ctrl | 
A Cy 
Read Out AAR 


Set Mem AR Gated 


4, Gate character through assembly to storage; set 


Locic SIGNAL 
A Cy First Op Codes 
Last Instruction Read Out Cy 
Set A Cy Ctrl | 
Next to Last Logic Gate 
A Cy Ctrl | 
LGB | 
A Cy Ctrl 14.71.30 
Read Out AAR on A Cy Ops. 
Logic Gate Special A 
LGA, 2nd Clock Pulse 


12.12.01 


14.17.16 


word mark, and add or remove C-bit to maintain odd 


parity (15.50.07). 


Use B Ch Zones; use 
~~ BChNu 
Set WM 


Asm Ch WM Bits 
Load Memory 


‘Word Mark Op Code | 
A or B Cy : 
Set WM Op Code 

A or B Cy 

Set WM 

AdrBCy 

WM Op Code 


15.49.05 
17.13.01 


5. Control A-cycle length. 


Word Mark Op A Cy 


Stop at J 


Word Mark Op Codes 12.12.44 
A Cy | 
Word Mark Op 


12.12.32 
A Cy 


_ 6. Regen Ist scan latch. 


Regen Ist Scan Ctrl 
Ist Scan Ctrl 


Ist Scan 


Addr Mod Set to —1 


Word Mark Op A Cy 
Regen Ist Scan Ctrl 
Next to Last Logic Gate 
Ist Scan 
‘Ist Scan Ctrl 

LGC 

Ist Sean Ctrl. 


\ 


12.30.05 
12.30.03 


~ 12.30.01 
14.71.41 


_ 7. Initiate a B-cycle, and read out first B-field char- 


acter. 
Set B Cy Ctrl 


B Cy Ctrl 
B Cy 
Read Out BAR 


Set Mem AR Gated 


A Cy — - 4 2,42..44 

Word Mark Op Codes _ 

Set B Cy Ctrl 

Next to Last Logic Gate 

B Cy Ctl 

LGB | 

Logic Gate Special A 

B Cy Ctl ye 

Ist, 2nd, or 3rd Scan Ctrl 

Read Out BAR on Scan B 
Cy Ops 

LGA, 2nd Clock Pulse 


—-12,12,.21 
12.12.02 


8. Gate character through assembly to storage; re- 


peat step 4. | 


9. Control B-cycle length; end operation. 


Word Mark Op B Cy 


Stop at J 


10. Initiate instruction read out. 


Last Execute Cy 


Word Mark Op Codes 
B Cy 


Word Mark Op B Cy © 12.12.32 


Word Mark Op 12.12.50 


B Cy 


Questions on Set Word Marks Operation 


Answers to review questions are in the Appendix. 


tionP 


I. What is the purpose of the set word marks instruc- 


) 
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12.12.41» 


12.12.01 . 


15.50.08 
12.50.01. 


14.71.31 


14.17.16 


12.12.51 


| > 
~ SYNC LOCATION PROGRAM 
| "4 6 gore 
Address Switches 00012 | 00001 $9010000200 ‘ . 
| 00012 JO0001b 
| 00019 ¥ 
| 
LINE NAME LOGIC PAGE TEST POINT [>| /o | a | 
1, LOGIC GATES : a — 
' 2, LAST INSN R.O. 12.13.05 TICIHI2G: 
3. 1ST SCAN CTRL 12.30.03 TICTF23L 
Re 
4. 1ST SCAN 12.30.01 11C1E26A 
rm, 
5. UNITS CTRL 16.30.02 TIC2ZE21A ~—————, 
6. UNITS 16.30.02 1iC2D16A aera 
7. ACYCLE CTRL . 12.12.20 11C1J10D 
8. ACYCLE 12.12.01 11CTH20C 
‘aes 
9. R.O. AAR 14.71.30 1ICICLIG 7 emer! 

10. B CYCLE CTRL : 12.12.21 11C1A048 ae \ 

11. B CYCLE 12.12.02 VCTHI7C | ee 

12. R.O. BAR 14.71.31 11C1C11H — —— a 

ee 

13. USE B CH ZONES 15.49.05 11C3F23Q —— . 

‘ - 

14, USE BCH NUMERICS 15.49.05 11C3F23K “| 

15. SET WM 17.13.01 11D2G15C \ eis 

16. LAST EXECUTE 12.17.51 11C1H23B 

H\y A B eS 

17, LOGIC GATES EASA CRN VEINS | 

Figure 46. Set Word Mark Operation Timings GX 
2. Is the data character in the specified storage loca- | Data in the addressed storage position are not dis- 

° : ; ° ° i 
tion altered when the set word marks operation is per- _ turbed. \ 
formed? The clear word mark instruction can have one of | 

3. If the set word marks instruction contains only _ the following formats. = 
one address, what action occurs? | OP CODE A-ADDRESS B-ADDRESS + 
4, When a word mark is added to a character, how mf XXXXX XXXXX 
is parity maintained? a XXXXX an 
Vv . 
O a 
| If the clear word mark instruction contains A- and 
Clear Word Mark Instruction B-addresses, word marks are cleared from the speci- ~ 
The clear word mark instruction causes the cpu to fied A-address location and the designated B-address 
clear word marks in designated core storage locations. position. If the clear word mark instruction contains 
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. 


only one address (A-address), the word mark is 


cleared from the specified A-address location. If the 
instruction is given with no address specified (a no- 
address chained instruction), word marks are cleared 
from the address locations designated by the A- and 
B-address registers (contents from the previous opera- 
tion), 

To execute the clear word mark instruction, the cpu 
takes an A-cycle and a B-cycle. During the A-cycle, 


the A-address character is read from storage and gated — 


onto the B-channel. The word mark bit is stripped 
from the character in the assembly unit, and a check 
bit is added or deleted to maintain parity in the eight 
bit planes (seven scp planes and the word mark 
plane). The character (without the word mark) is 
gated to storage. __ 


During the B-cycle, the character at the B-address 
is read from storage and gated onto the B-channel. 
The word mark bit is stripped from the character in 
the assembly unit, and a check bit is added or removed 
to maintain odd parity. The character (without the 
word mark) is gated to storage. If only one address 
is specified, the A-data address is stored in both the A- 
and B-address registers during instruction read out. 
Therefore, when execute phase begins for a single 
address instruction, the A-data address is in both the 
A- and B-address registers, causing the cru to execute 
the procedure to strip the word mark bit twice from the 
same location, once during the A-cycle and once dur- 
ing the B-cycle. | u 

If the clear word mark instruction contains no ad- 
dress, word mark bits are removed from the A- and 


B-addresses specified in the previous instruction. The | 


cpu executes the operation as if the instruction con- 
tained two addresses. 


Figure 47 shows cru data flow in the execution of 
the clear word mark instruction. 

The following controls are active in the execution 
of the clear word mark instruction: 
SIGNAL : ConTROL Locic 


1. Set modifier controls to —1. 


Set Ist Scan Ctrl Ist Scan First Op Codes 12.30.05 
Last Instruction Read Out Cy 
Ist Scan Ctrl ‘Set Ist Scan Ctrl 12.30.03 
Next to Last Logic Gate 
Ist Scan 1st Scan Ctrl 12.30.01 
LGC 
Addr Mod Set to —-1 Ist Scan Ctrl 14.71.41 


2. Set the units latch. 
Set Units Ctrl Latch — Last Instruction Read Out Cy 16.30.01 


Units Ctrl Latch Set Units Ctrl Latch 16.30.02 
Next to Last Logic Gate 

Units Latch Units Ctrl Latch 16.30.02 
LGC. ae 


3. Initiate an A-cycle, and read out first A-field char- 
acter. 


Clear Word Mark\ | | , 
Instruction 


Set First 
Scan Latch 
12.30.05 


Set Units Latch 
16.30.05 


Take an A Cycl 
12.12.41 


14.71.30 


Gate Char (With 
WM) From Storage 
to Assembly Unit 
15.49.05 


Remove Word Mark 
Bit From Char 
and Invert C Bit 
15.49.01 


Gate Char 
(Without Word — 
Mark) to Storage 


Was Last 
Cycle A Cycle 
or B-Cycle? 


Regen First 
Scan Latch 
12.30.05 


Take a B Cycle 
12.12.44 


Use BAR to 
Read Out B 

Field Char 
14.71.31 


Figure 47, Clear Word Mark | a5 

SIGNAL ConTROL Locic 

Set A Cy Ctrl A Cy First Op Codes 12.12.41 
Last Instruction Read Out Cy 

A Cy Ctrl Set A Cy Ctrl 12.12.20 
Next to Last Logic Gate | 

ACy . . A Cy Ctrl 12.12.01 
LGB .. 

Read Out AAR A Cy Ctrl 14.71.30 


Read Out AAR on A Cy Ops 
: Logic Gate Special A - 
Set Mem AR Gated LGA, 2nd Clock Pulse | 14.17.16 
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SIGNAL CONTROL | Loeic 


4. Gate character through assem to storage; clear 


_ word mark. 

Use B Ch Zones; use Word Mark Op Codes 15.49.05 

B Ch Nu | . 
. A or B Cy 

Use No WM .Clear Word Mark Op Code 15.49.01 

oe os A or B Cy 

Assembly Ch Not Use No WM 15.50.08 
WM Bit . 

Load Memory A or B Cy 12.50.01 


Word Mark Op Codes 
5. Control A-cycle length. 


' Word Mark Op ACy Word Mark Op Codes, 12.12.44 
Cy | 7 
Stop at J Word Mark Op 12.12.32 
6. Regen Ist scan latch. 

Regen Ist Scan Ctrl § Word Mark Op A Cy 12.30.05 

Ist Scan Ctrl Regen Ist Scan Ctrl 12.30.03 
Next to Last Logic Gate 

Ist Scan Ist Scan Ctrl | 12.30.01 

LGC : 

Addr Mod Set to -—1 Ist Scan Ctrl 14.71.41 


7. Initiate a B-cycle and read out first B-field char- 
acter... 


Set B Cy Ctrl A Cy 12.12.44 
Word Mark Op Codes 

B Cy Ctrl Set B Cy Ctrl 12.12.21 
Next to Last Logic Gate 

BCy B Cy Ctrl 12.12.02 

. LGB 
Read Out BAR Logic Gate Special A 14.71.31 
: | B Cy Ctl 


Ist, 2nd, or 3rd Scan Ctrl 
Read Out BAR on Scan B 
Cy Ops 
Set Mem AR Gated | LGA, ee Clock Pulse - 14,17.16 


8. Gate character through assembly to storage; re- 
peat step 4. : 
9. Control B-cycle length; end operation. 


Word Mark Op B Cy Word Mark Op Codes _ 12.12.51 
B Cy 
Stop at J Word Mark Op B Cy 12.12.32 
10. Initiate instruction read out. 
Last Execute Cy Word Mark Op B Cy 12.12.50 


Questions on Clear Word Marks Operation 


Answers to review questions are in the Appendix. 

1. What is the purpose of the clear word marks in- 
struction? 

2. Is the data character in the specified storage loca- 
tion altered when the clear word marks operation is 
performed? | 

3. If the clear word marks instruction contains only 
one address, what action occurs? : 


4. When a word mark is stripped i a character, 
how is parity maintained? 
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Clear Storage Instruction 


The formats for the clear storage instruction are: 
Op CODE __ B-ADDRESS_ 


/ XXXXX 
v : a , 


The clear storage instruction causes the cpu to clear 
characters and word marks from an area in storage, 
right to left, from the specified B-address through the 
nearest hundreds position. The cleared area is set to 
blanks (C-bits). The number of positions cleared 
can be calculated by adding 1 to the last two digits in 
the B-address; for example, the instruction /12999 


causes the CPU to clear storage from positions 12999 


through 12000; 100 positions are set to blanks (99 + 
1 = 100). The instruction /15000 causes the cru to 
clear storage location 15000; one poson is cleared 
(00 + 1 =1). 

A clear storage instruction with a B-address condi- 
tions the address-doubler op code line, and the B- 
address in the instruction is loaded in the AAR and BAR 
during instruction read out time. To execute the opera- 
tion, the cpu takes a series of B-cycles. During each 
B-cycle, the storage location designated by the address 
in the BAR is cleared, and the address in the Bar is re- 
duced by one. Storage locations are cleared in succes- 
sive B-cycles to the nearest even hundreds position. 
The —1 condition on at logic gate D time, indicating 
a borrow one from the hundreds position, defines the 
even hundreds position; the even hundreds latch is set, 
and execute phase ends. At the end of the operation, 
the Bar contains 1 minus the address of the last storage 
location cleared (xxx99). The aar, unchanged after 
instruction read out, contains the original B-address 
specified in the instruction. 

If the clear storage instruction does not contain a 
B-address (a no-address chained instruction ), the con- 
tents of the Bar from the previous operation are used as 
the B-address, and the cru takes B-cycles to perform 
the operation in the normal manner. In this case, how- 
ever, the Aar is not loaded during instruction read out 
time and is unchanged during the execution of the clear 
storage instruction. 

Figure 48 shows cpu operation in the execution of the 
clear storage instruction. 

The following controls are active in the execution 
of the clear storage instruction: 

SIGNAL CONTROL — Locic 

1. Initiate last instruction read out cycle; set no 
branch latch. et et eo 
I-Ring 6 Time 12.13.05 


Last Instruction 
Read Out Cy bao a 
: No D Cy at I-Ring 6 Ops 
B Ch WM Bit 


No Branch Conditions Clear Op Code _ 12.60.08 
| “ | -I-Ring 1 or 6 Time 
Last Instruction Read Out Cy 


Clear 
. Storage 
Instruction 


Set No 
| Branch Latch 
12.60.14 


Set First Modify | 
Scan Latch - B Address by 
Minus One 


12.30.05 


Use Bar to Read 
OutB Field Char 


14.71.31 


Use No Zones 
Use No Word Mark 
‘Use No Numerics 
Generate C Bit 


Gate Assembly 


to Storage 
15.49.01 


Mod by Minus 
One Still on at 
Logic Gate D 


Borrow One 
from Hundreds 
Position ? 


Mod by Zero 
on at Logic 
Gate D 


Yes 


Set Even 
Hundreds Latch 


14.71.40 


Set Not Even 
Hundreds Latch 


14.71.40 


End Op 


Start Instruction 


Read Out 
12.60.08 


Figure 48. Clear Storage 


SIGNAL CoNTROL | Locic 

No Branch Latch No Branch Conditions 12.60.14 
LGZ 

2. Set Ist scan latch; set address modifier to —1. ; 

Set Ist Scan Ctrl lst Scan First Op Codes 12.30.05 
Last Instruction Read Out Cy 

Ist Scan Ctrl Next to Last Logic Gate 12.30.03 

: Set Ist Scan Ctrl 
Ist Scan Ist Scan Ctrl, LGC 12.30.01 
Addr Mod Setto -1 —_Ist Scan 14.71.41 


3. Initiate a B-cycle; use Bar to read out first charac- 
ter from storage. 


Set B Cy Control B Cy First Op Codes 


12.12.44 
Last Instruction Read Out Cy : 


SIGNAL _ConTROL | _ Loeic 
B Cy Control Set B Cy Ctrl 12.12.21 

| Next to Last Logic Gate | 
B Cy 3275 = B Cy Ctrl, LGB 12.12.02 
Read Out BAR © B Cy Ctrl 14.71.31 

: Ist + 2nd + 3rd ee Ctrl 
Read Out BAR on Scan B 
Cy Ops | 


Logic Gate Special A 
4, Gate assembly to storage; clear storage; set ne 


bit. 


Use No Zones, No Nu, B Cy 15.49.01 
No WM 
| Stop at F on B Cy Op Codes. 
Assembly Ch Nu C Bit Use No Numerics 15.50.09 
Assembly Ch Zone C —_ Use No Zones 15.50.10 
Bit 
Assembly Ch Not Use No WM _ 15.50.08 
WM Bit | | | 
Assembly Ch C Char Assembly Ch Nu C Bit 15.50.07 
Bit 
Assembly Ch Zone C Bit 
Not Assembly Ch WM Bit 
Load Memory Clear Op Code (12.50.01 
Ist Scan 
B Cy - 


5. Test for even or not even hundreds address; set 
appropriate latch. 


Not Even Hundreds. Zero Latch 14.71.40 
Addr , 
2nd Clock Pulse, LGD : 
Clear Op Take Ist Not Even Hundreds Addr 12.60.04 
Scan — | , 
Clear Op Code 
B Cy 
Ist Scan : 3 
Set 1st Scan Ctrl Clear Op Take 1st Scan 12.30.05 
Ist Scan Ctrl Set Ist Scan Ctrl, Next to 12.30.03 
Last LG - 
Addr Mod Set to —1_ Ast Scan Ctrl 14.71.41 


6. Take another B-cycle; read out ‘next core meee 


- character. 


7. Repeat step 4. 


8. Test for an even hundreds address: if not an even 
hundreds address, continue to take B-cycles and clear 
storage until an even hundreds address is detected; 
when even hundreds address is detected, set even 
hundreds address latch. | 
Minus One 2-8 Line, 2nd 


Borrow Latch 14.30.08 
Clock Pulse 
Even Hundreds Addr _ Borrow Latch, 14.71.40 
-. Qnd Clock Pulse, LGD 
9. End execute cycle; initiate I-cycle. 
Last Execute Cy Even Hundreds Addr 12.60.08 
* Br Cnd | 
| _ No Branch Latch 
B Cy 
— Ist Scan 
| Clear Op Code 
Last Execute Cy | Last Execute Cy 12.12.51 © 
| “: * Br Cnd_ | 
Set I Cy Ctrl Last Execute Cy 12.13.02 
I Cy Ctrl | Set I Cy Ctrl 12.12.23 


_ Next to Last Logic Gate 
10. Use IAR to cat out next instruction. 
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- Questions on Clear Storage Operation. 


Answers to review questions are in the Appendix. 

1. If the B-address in the clear storage instruction is 
09050, what is the number of storage positions cleared 
‘in the clear storage operation? 

2. If the clear storage instruction does not contain 
a B-address, is the Aan loaded during instruction read 

outP 


address, what address is stored in the AAR when the 
clear storage operation ends? 
4. When is the clear storage operation terminated? 


Clear Storage and Branch Instruction 


The format for the clear storage and branch instruction 
is: 


OP CODE I-ADDRESS B-ADDRESS 


Vv 
/ XXXXX XXXXX 


The clear storage and branch instruction causes the 
cpu to clear characters and word marks from an area 
in storage, right to left, from the specified B-address 
through the nearest hundreds position and branch to 
the instruction at the I-address after the clear opera- 
tion. The clear storage and branch instruction com- 
bines the clear storage and unconditional branch 
instructions. 

During instruction read out, the I-address in the 
instruction is stored in the aar; the B-address is 
stored in the BAR. Because the last instruction read out 
cycle occurs at I-ring 11 time, the branch to AaR 
latch is set. | 

To clear storage, the cpu takes a series of B-cycles. 
During each B-cycle, the storage location designated 
by the address in the Bar is cleared, and the address 
in the Bar is reduced by one. Storage locations are 
cleared in successive B-cycles to the nearest even 
- hundreds position. The —1 condition on at logic gate 
D time, indicating a borrow one from the hundreds 
position, defines the even hundreds position; the even 
hundreds latch is set, and execute phase ends. At the 
end of the clear operation, the BAR contains 1 minus 
the address of the last storage location cleared (xxx99). 

Because the branch to AAR and even hundreds 
latches are set, the no-scan latch is set, causing a 
_modify by 0 condition in the modifier. The cpu takes 
a B-cycle. The 1ar, which contains the address of the 
next sequential instruction, reads out to the srar, 
through the modifier to the Bar. The completion of the 


branch operation is accomplished during the sub- 


sequent instruction read out operation at which time 
_the aar (containing the address of the next instruction 
to be executed ) sets the sTar. 
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3. If the clear storage instruction contains a B- 


nn. 


Figures 49 and 50 show cpu timings and operation 
in the execution of the clear storage and branch in- 
struction. 

The following controls are active in the execution 
of the clear storage and branch instruction: 


SIGNAL CONTROL _ Locic 
1. Initiate last instruction read out cycle, and set 
branch to aarp latch. 


Last Instruction 2 Addr No Mod Op Codes 12.13.05 


Read Out Cy 
B Ch WM Bit 
I-Ring 11 Time | ; | 
Branch to A Clear Op Code 12.60.04 
Conditions 
I-Ring 11 Time 
| Last Instruction Read Out Cy . 
Branch to AAR Latch Branch to A Conditions 12.60.14 


Next to Last Logic Gate 
2. Set Ist Scan latch; set address modifier to —1. 


Set Ist Scan Ctrl 1st Scan First Op Codes 12.30.05 
3 Last Instruction Read Out Cy 
Ist Scan Ctrl Next to Last Logic Gate 12.30.03 


Set Ist Scan Ctrl 


| Ist Scan Ist Scan Ctrl | | 12.30.01 
LGC | 
Addr Mod Setto -—1 —_Ist Scan 14.71.41 


3. Initiate a B-cycle; use BAR to read out first core 
storage character. 


Set B Cy Ctrl B Cy First Op Codes 12.12.44 
Last Instruction Read Out Cy - | 
B Cy Ctrl Set B Cy Ctrl 12.12.21 
~ Next to Last Logic Gate 7 
~BCy - B Cy Ctl 12.12.02 
LGB’ 
Read Out BAR B Cy Ctrl 14.71.31 


Ist + 2nd + 3rd Scan Ctrl 

Read Out BAR on Scan B 
Cy Ops 

Logic Gate Special A 


bit. 
Use No Zones, No Nu, B Cy 15.49.01 
No WM — 
. Stop at F on B Cy Op Codes 
Assembly Ch Nu Use No Numerics 15.50.09 
C Bit 
Assembly Ch Zone Use No Zones | 15.50.10 
C Bit 
Assembly Ch Not Use No WM 7 15.50.08 
WM Bit 
Assembly Ch C Char Assembly Ch Nu C Bit 15.50.07 
Bit 
Assembly Ch Zone C Bit 
i Not Assembly. Ch WM Bit 
Load Memory Clear Op Code 12.50.01 
Ist Scan 
B Cy 


5. Test for even and not even hundreds address; 
set appropriate latch. 


Not Even Hundreds Zero Latch i . 14.71.40 
Addr 
2nd Clock Pulse, LGD 
Clear Op Take Ist © Not Even Hundreds Addr 12.60.04 


Scan 


4, Gate assembly to storage; clear storage; set check 


F BTS: : 


+ ge 


Clear Storage 
and Branch 
Instruction 


~~ Set Branch to 


AAR Latch 
12.60.14 
Set First Modify 
Scan Latch B~Address by 
12.30.05 Minus One 


Take a B-Cycle 
12.12.44 


Use BAR to 
Read-Out 
B=-Field Char 
14.71.31] 


Gate Assembly to 
Storage —_—— 


15.49.01 


Borrow One 


Mod by Zero 


On-ar ieaic eee From Hundreds Yes Rann greeny eed 
Gate D Position ? 
Set Not Even Set Even 
Hundreds Latch Hundreds Latch 
14.71.40 14.71.40 
Set No 
Scan Latch 
12.30.05 


Take a B-Cycle 
12.12.44 


Read-Out IAR 

and Set STAR 
and BAR 

14.71.34 


End Execute 
and Start Inst 


Read=Out 
12.60.08 


Take an I-Cycle 


Use AAR to 
Read-Out Next 
Instruction 


14.71.30 


Reset Branch 
to AAR Latch 
12.60.14 


Figure 49. Clear Storage and Branch 


Use No Zones. 
Use No Word Mark. 
Use No Numerics. 

Generate C-Bit, 


Mod by Minus 
One Still On at 
ogic Gate D 


Modify by Zero 
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SYNC | LOCATION PROGRAM 
Address Switches 00011 | 00001 + ¥/0000100102 
v 
| ° 
| 


LINE NAME LOGIC PAGE TEST POINT 


1, LOGIC GATES 


. LAST INSN R.O, 12.13.05 lICIHI2G 


. 1ST SCAN CTRL 12.30.08 1ICIF23L 


. 1ST SCAN 12.30.01 JICTE26A 


11C1A04B 


12.12.21 


- "BY" CYCLE CTRL 


12.12.02 JICIHI7C 


- "BY CYCLE 


7. R,O, BAR 14.71.31 JICIHITH 


8. SET STAR 14.71.16 11B2G26A 


9, RESET BAR (INVERTED) 14.71.21 11C1C25C 


10. MOD -1 CTRL 14.30.08 11B2H26E 


11. MOD-1 ; 14.30.08 11B2HI0P 
12. MOD 0 CTRL 14.30.09 11B2H25E 


13. MOD 0 14.30.09 11B2H21C 


USE TT ae LG 


ae 
B| | 
| 


| 
| 
f 


14, EVEN HUNDREDS 14.71.40 11C2C17D 


15. NO SCAN CTRL 12.30.13 TICIEI7C 


16. NO SCAN | 12.30.01 11C1G24D 


14.71.34 11C1C12H 


. LAST EXECUTE 
- ECYCLE CTRL 


12.12.51 11C1H23B 
12.12.23 VICICIIC 


TT SU Is 
IHIABSIGAINGS 


. I CYCLE 12.12.04 11C1H22H 


21. BR TO AAR 12.60.14 TIDIBI5C 


22. R,O. AAR. 14.71.30 1ICIClIIG 
23. MOD +1 CTRL 14.30.07 11B2G25E 


24. MOD +1 14.30.07 11B2HI0L 


LLG UL 


. LOGIC GATES 


pa 


Figure 50. Clear Storage and Branch Operation Timings 
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RN 


- A 


x AN 


ee 


F 
SIGNAL CONTROL a Locic 
Clear Op Code 
BCy F 
Ist Scan | 
Set Ist Scan Ctrl Clear Op Take 1st Scan 12,30,05 
Ist Scan Ctrl Set Ist Scan Ctrl 12,30,03 
Next to Last Logic Gate | 
Addr Mod Set to —-1 Ist Scan Ctrl 14.71.41 


6. Take another B-cycle; read out next character 
from core storage. 


7. Repeat step 4. 

8. Test for an even hundreds address; if not an even 
hundreds address, continue to take B-cycles and clear 
storage until an even hundreds address is detected; 
when even hundreds address is found, set even hun- 
dreds address latch. 


Barrow Latch 


Minus One 2-8 Line, 2nd 14,30.08 
Clock Pulse 
Even Hundreds Addr Borrow Latch 14.71.40 
9nd Clock Pulse, LGD 
9. Initiate a branch operation. 
Set No Scan Ctrl Clear Op Code 12.60.04 
* Br Ops 
B Cy 
Ist Scan | 
Even Hundreds Addr 
Branch to AAR Latch 
Set B Cy Ctrl Clear Op Code 12.60.04 
* Br Ops 
B Cy 
Ist Scan 
Even Hundreds Addr 
: Branch to AAR Latch 
Set B Cy Ctrl Set B Cy Ctrl 12.12.44 
* Br Ops 
B Cy Ctrl Set B Cy Ctrl 12.12.21 
| | Next to Last Logic Gate 
B Cy B Cy Ctrl 12.12.02 
_ LGB 
Set No Scan Ctrl Set No Scan Ctrl - 12.30.05 
* Branch Ops 
No Scan Set No Scan Ctrl —  -12,30,03 
Next to Last Logic Gate Se 
Addr Mod Set to 0 No Scan 14.71.41 
10. Read Out 14k to STAR and BAR. a 
Read Out IAR B Cy Ctrl 14.71.34 
No Scan Ctrl ; 
Logic Gate Special A _ 
Mem AR Set LGA or LGR, 2nd Clock 14,17,16 
. Pulse 
Set BAR LGB or LGC 
B, E, or F Cy Ctrl 
11. End execute, and initiate I-cycle. 
Last Execute Cy Branch Type Op Codes 12.60,08 
* Br Cnd - 
| No Scan 
BCy. 
Last Execute Cy Last Execute Cy 12.12.51 
* Br Cnd 
Set I Cy Ctrl Last Execute Cy 12.13.02 
12. Use aar to read out next instruction. 
Read Out AAR I Cy Cul 14.71.30 


Branch to AAR Latch 
Logic Gate Special A 


Bo a 


- Questions on Clear Storage and Branch Operation 


Answers to review questions are in the Appendix. 

1, How do the clear storage and clear storage and 
branch operations differ? | 

2. Where is the I-address in the clear storage and 
branch instruction stored during instruction read out? 

3. Is the branch operation that the clear storage and 
branch operation causes a conditional or unconditional 
branch? q 


4, When is the completion of the branch operation 


~ accomplishedP 


Halt Instruction 


The format for the halt instruction is: 


OP CODE 


y 


o ® 


The halt instruction causes the logic clock in the | 


cpu to stop. Pressing the start key starts system opera- 
tion with the next sequential instruction. Because the 
halt and halt and branch instructions have the same 
operational code (.), a word mark must be present in 
the storage location immediately to the right of the 
halt op code to distinguish the halt instruction from the 
halt and branch instruction. 

The last instruction read-out cycle (determined by 
the presence of a B-channel word mark at I-ring 1 
time) causes a simultaneous last execute cycle; this 
condition sets the stop latch. When the stop latch is 
set, the logic clock stops, initiating a console stop print- 
out operation if: 

1. The print control switch is not set to inhibit; and, 

2, The mode switch is in neither the display nor alter 
position. 

If the console stop print-out operation is complete 
when the start key is pressed, the stop latch resets, 
allowing the logic clock to run again; the cpu executes 
the next sequential instruction. If the start key is 
pressed before the console stop print-out operation 
ends, no action occurs until the print-out stops. 

Figure 51 shows cpu operation in the execution of 
the halt instruction. 

The following controls are active when the cpu per- 
forms the halt operation: 

SIGNAL CONTROL Locic 

1. Set the no branch latch, and initiate the last ex- 
ecute cycle. 


Last Instruction Read No C or D Cy Op Codes 12.13.05 
Out Cy I Ring 1 time 

B Ch WM Bit 
I Ring 1 time 12.60.08 


No Branch Cnds 
| Stop or Branch Op Code 
Last Instruction Read Out Cy 
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: —@ ——| Read-Out Cycle 
Lie * 12, 13.05 
I 
| | 
| 


Last Execute 
L—— Cycle 
12.12.51 


‘| Set Stop Latch 
12.15.04 
Stop Logic Clock | ~ 
11.10.02 


Print Control 
Switch Set to 
Inhibit, or Mode 
Sw in Display? 
or Alter 
44.10.01 | 


Yes 


Initiate Console 
Stop Print Out 
Operation 
44.10.01 


Press Start Key . 


Set Start 
Key Latch 
12.15.02 


Console Stop 
Print Out 
Operation in 
Process ? 


CPU Executes ie a 
Next Sequential J]~ — Start Logic Clock. 
Instruction , 11.10.02 
Figure 51. Halt | 
SIGNAL CONTROL Locic 
No Branch Latch No Branch Cnds 12.60.14 


Next to Last Logic Gate 

Last Execute Cy 

* Br Cnd I Ring 1 time : 
Stop or Br Op Code 


Last Execute Cy Last Executive Cy * BrCnd = 12.12.51 


2. Set the stop latch, and stop the logic clock. 


Stop Latch LGZ, 2nd Clock Pulse 12.15.04 
Last Execute Cy | 
| Stop or Branch Op Code 
Clock Stopped Stop Latch 11.10.02 
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Reset Stop Latch 
12.15.04 


Last Instruction Read Out Cy 12.60.08 ; 


SIGNAL CONTROL , Locic 


3. Initiate stop print-out operation. 


. Console Stop Print . Stop or Branch Op Code 12.15.04 
~ Out Op Last Execute Cy 3 
Console Enable Stop Clock Stopped 13.42.10 
Print Out Console Stop Print Out Cnd 


Questions on Halt Operation 
Answers to review questions are in the Appendix. 


1. The halt instruction causes the logic clock in the 
CPU to stop; when system operation resumes, what in- 


struction is executed first? — 


2. How is the halt instruction distinguished from the 
halt and branch instruction during instruction read 
outP 


3. When is the console stop print-out operation 
startedP ~~ : | 


4. Does the logic clock start automatically when the 
stop print-out operation ends? 


Halt and Branch Instruction | 
The format for the halt and branch instruction is: 
Op CODE I-ADDRESS 
. XXXXX 

The halt and branch instruction causes the logic 
clock in the cpu to stop. When the start key is pressed, 
system operation resumes with the instruction at the 
designated I-address. — 
_ At the end of the instruction read-out cycle, the 
branch to aap latch is set. By taking a branch type 
B-cycle, the aar is loaded with the I-address in the 
instruction. The 14r, which contains the address of 


the next sequential instruction, reads out to the star, 


through the modifier (previously set to modify by 0 
condition) to the Bar. Last execute cycle becomes 
active at this time. The completion of the branch op- 
eration is accomplished during the instruction read- 
out cycle (initiated when the start key is depressed 
after the stop) at which time the aar (containing the 
address of the next instruction to be executed ) sets the 
STAR. | 

The stop latch is set during last execute cycle, caus- 
ing the logic clock to stop. A console stop print-out 
operation is initiated if: 

1. The print control switch is not set to inhibit, and 

2. The mode switch is in neither the display nor alter 
position. 

If the console stop print-out operation is complete 
when the start key is pressed, the stop latch resets, 
allowing the logic clock to run again. The cru com- 
pletes execution of the branch instruction and performs 
the operation specified by the instruction at the I- 
address of the halt and branch instruction. If the start 


FN 


key is pressed before the console stop print-out opera- 
tion ends, no action occurs until the print out stops. 
CPU operation in the execution of the halt and branch 
instruction is shown in Figure 52. 
The following controls are active when the crv per- 
forms the halt and branch operation: 


SIGNAL CONTROL Locic 
1. Set the branch to AaR latch. 
2nd Cnd A Branch  __Last Instruction Read Out Cy 12.60.02 


Gated. Stop or Branch Op Code 
: I Ring 6 Time 


Branch to A Cnds Qnd Cnd A Branch Gated —_—12.60.04 
Branch to AAR Latch Branch to A Cnds 12.60.14 . 
Next to Last Logic Gate 
2. Initiate a B-cycle; set address modifier to 0. 
Set B Cy Ctrl * Br Ops 2nd Cnd A Branch Gated 12.60.04 
Set B Cy Ctrl » Set B Cy Ctrl Br Ops 12.12.44 
~ BCy Ctrl B Cy Ctrl 12.12.02 
; LGB 
Set No Scan Ctrl Set No Scan Ctrl * Br Ops = 12.30.05 
No Scan Set No Scan Ctrl 12.30.03 
ee Next to Last Logic Gate 
Addr Mod Set to 0 No Scan 14.71.41 
3. Read out 14k to STAR and BAR. 
Read Out IAR No Scan Ctrl 14.71.34 
B Cy Ctrl 
Logic Gate Special A 
Mem AR Set LGA or LGR, 2nd Clock Pulse 14.17.16 
Set BAR B, E, or F Cy Ctrl 14.71.11 
LGB or LGC 
4, Terminate execute phase. 
Last Execute Cy * No Scan 12.60.08 
Br Cnd Branch Type Op Codes | 
| B Cy ag 
Last Execute Cy Last Execute Cy * Br Cnd = 12.12.51 
5. Set the stop latch, and stop the logic clock. _ 
Stop Latch LGZ, 2nd Clock Pulse 12.15.04 
Last Execute Cy 
Stop or Branch Op Code 
Clock Stopped Stop Latch 11.10.02 
6. Stop the logic clock at logic gate F. 
Stop at F on B Cy Stop or Branch Op Codes 12.14.08 
Op Codes | | 
Stop at F Stop at F on B Cy Op Codes 12.12.30 
B Cy 
Last Logic Gate Stop at F 12.12.31 
| LGF 
7. Initiate stop print-out operation. 
Console Stop Print Stop or Branch Op Code 12.15.04 
Out Cnd Last Execute Cy 
Console Enable Stop Clock Stopped 13.42.10 
Print Out Console Stop Print Out Cnd 13.42.10 


Questions on Halt and Branch Operation 


Answers to review questions are in the Appendix. 


1. The halt and branch instruction causes the logic 
clock in the crv to stop. When the system resumes op- 
eration, what instruction is executed first? 

2. Is the branch to aap latch set, initiating the 


branch operation, before the logic clock stops or after 
the logic clock starts again? 


3. If the start key is pressed before the stop-print 
out operation is complete, is the stop- print out opera- 
tion terminated immediately? | 

4. Is the branch operation, which the halt and 
branch instruction designates, an unconditional branch 
or a conditional branch? 


No Operation Instruction 


No format for the no operation instruction is: 
OP CODE | 
Vv 


N (any number of characters can follow the N op code 
if none of the characters contain a word mark bit) 


The N op code performs no operation; it can be sub- 
stituted for the op code in any instruction to make that 
instruction ineffective. | | 

During I-op time, the N op code is set in the opera- 
tion register, preventing the I-ring from advancing. 


Characters following the N op code are read out in © 


successive I-cycles and ignored until a B-channel word 
mark is detected. Therefore, the no operation instruc- 
tion causes the cru to skip one or several instructions 
as determined by the location of the first B-channel 
word mark after the N op code is decoded. The B- 


‘channel word mark causes the op code of the next in- 


struction to be loaded in the op register, and instruc- 
tion read out continues. The I-ring, clamped at I-op 
time during execution of the no-op instruction, is al- 
lowed to advance in the normal manner. 

cpu action in the execution of the no operation i in- 
struction is shown in Figures 53 and 54. 

The following controls are active when the cpu ex- 


-ecutes the no operation instruction: 


SIGNAL CONTROL Locic 


1. Decode the N op code, and prevent the I-ring 
from advancing. 


_ ARS No Op Op Dcdr 4, Not 2 and 1 13.13.08 
Op Dcdr Band Not A and 
Not 8 
Op Reg ARS Not C-Bit 
Not I Ring Advance ARS No Op 
2. Repeat I-cycle; read out IAR; modify by +1. 
Set I Cy Ctrl ARS No Op 12.13.02 
I Cy Ctrl Set I Cy Ctrl 12.12.23 
Next to Last Logic Gate 
I Cy I Cy Ctrl 12.12.04 
LGB - 
Read Out IAR I Cy Ctrl 14.71.34 
No Branch Latch 
| Logic Gate Special A | 
Set Mem AR Gated LGA or LGR, 2nd Clock 14.17.16 © 


Pulse 
3. If there is no B-Channel WM, repeat step 2 until 
a B-Channel WM is detected. 


4, If there is a B-Channel WM, set op code into op, 
reg, and continue instruction read out. 
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Halt 
Branch 


“Set No 
Scan Latch | 
12.30.05 


: Last Inst 
Read-Out 


Set Branch to 
AAR Latch 
12.60.14 


_Cycle 


12.12.44 


Read Out TAR 
and Set STAR 
and BART 
14.71.34 


Bring Up Last 


12.12.51 


Set Stop Latch 
ao 12, 15.04 


| Stop Logic Clock. 
{11.10.02 


44,10,01 


initiate Console | 
Stop Print Out | 
- Operation 
44, 10,01 


Instruction — J 


- Execute Cycle | 


| | Read-Out Cycle | 


( Press Start Key )_ 


Console Stop 
_ Print Out 
Operation 


in Process 


| Reset Stop Latch | 
1 12.15.04 


|Start Logie Clock | 
11.10.02 


Start Next 
Instruction 


12.60.08 


Take an I Cycle 


[Use AAR to 
i Read Out Next. 
Instruction 


~ Set Start 
_ Key Latch 
_42,15.02 


14.71.30 


| Reset Branch 
to AAR Latch 
12.60, 14 


Figure 52. Halt and Branch - | 
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TS 
f- 


. 


— Initiate 
Instruction 
Read = Out 

12.13.04 


Read Out Ne 
| Op Op-Code, 
and Start I-Ring 
at I Op Time 
12.13.03 


B Channel 
Word Mark ? Yes 
12.13.04 


Gate 
Instruction 


Set Op Code 
into Op Reg and 
Decode into Op-- 

Code Groups 
12.13.04 


Prevent I Ring 
Advance aati 
12.13.03 


Check 
12.12.43 


| Decode 
No Op Op Cede 


I Ring Does 
Not Advance 
to I=] 


Read Out | 
Next — 
Character 


B Channel 
Word Mark ? 
12.13.04 


Yes 


Read Out 
Next 
Instruction 


Figure 53. No Operation 


--tNext B Channel 
Word Mark is 
Detected » 


CONTROL . Locic 


SIGNAL | 
Set Op Register B Ch WM Bit 12.13.04 
7 [Cy 2 | 
LGF 


I Ring Op Time 


Questions on No Operation Instruction 


_ Answers to review questions are in the Appendix. | 


I. To what point does the I-ring advance when the 
N op code is set in the operation register? 


2. When the N op code is detected, are other char- 


acters read out of core storageP 
, 3. If a program contains N00599 06500 A 07700 07720 
S 09000 08000, will the add operation be performed? 
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OMe ae 


SYNC LOCATION = PROGRAM 


Last Execute 11C1H23B N12345 
Joo001b 


} ‘ v 


LINE NAME LOGIC PAGE TEST POINT 


S| 


1, LOGIC GATES 
. LAST EXECUTE 12.17.51 11C1H23B 


. ECYCLE CTRL 12.12.23 TICICIIC 


-ICYCLE 12.12.04 11C1H22H 
. 10P - | 11.20.01 — “11CTHO7A 


. SET OP REG 12.13.04 11C1HO7C 


. NO-OP CODE TIDIDI2A 
. BCH CHAR WM . 11C3C10H 


"I" RING ADV 1120.01 11C1KO9B 


. LOGIC GATES 


ooh 
pu 
Hae ee 
ae 
= 
Stora Oeste 
a ee 


Figure 54. No Op Timings 
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This section describes the accelerator, priority process- 


ing, and program addressable clock special features for 
the 18m 1410 Data Processing System. 


| 1410 Accelerator Feature 


The 18M 1410 Accelerator Feature (Special Feature 
1007) increases the processing speed of the 1mm 1411 
Processing Unit. Compute operations are performed at 
speed increases of approximately 15 to 23 percent; 
input-output data transfer rates are not changed. Be- 


cause the same logic operations are performed faster, 
all programs that operate on 1410 systems without the 


accelerator feature can be executed without modifica- 
tion when the feature is installed. 


The accelerator feature: 


1. Reduces the range of storage cycle duration from 


4.5 to 7.5 microseconds to 4.0 to 6.66 microseconds. 
2. Shortens execute cycle a by two logic gates 


in pa operations. 


Results of Speed Increases 


By replacing the standard 1.33 megacycle ocillator in 
the logic clock circuits with a 1.5 megacycle oscillator, 
an effective speed increase is made in the storage cycle. 
The durations of clock pulses are reduced from 0.375 
to 0.333 microseconds, resulting in 0.666 microseconds 
logic gate pulses. Although the logic gate ring contains 


the same triggers (A through K), the shortest cycle | 


(stop at F) is reduced to approximately 4.0 micro- 
seconds (6 X .666 = 3.996); the longest cycle (stop at 

K) is reduced to approximately 6.66 microseconds (10 
X 0.666 = 6.660). The shorter storage cycle requires a 
TNL card to replace the prr card containing sTAR 
latches (14.17.01 — 14.17.15 accelerator feature systems 


pages ). 


In addition to the changes required to dhaten the 


length of storage cycles, the accelerator feature makes 
significant changes in the adder and assembly units 
and their associated translating and control circuits. 
Faster circuits in these units shorten execute cycles in 


multiply, divide, and data move operations by two. 


logic gates. The “stop at F on B-cycle” common op 
code grouping line is conditioned rather than “stop at 
J on B-cycle” as in normal operation. 
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" 


Component Circuit Changes 


Diffused diode transistor logic (ppt) circuits are used 


to obtain the faster processing speeds that the accelera- 


tor feature provides. ppTL circuits require approxi- 


mately 15 to 100 nanoseconds delay per decision. The — 
1411 cpu is primarily composed of saturated drift tran- 


sistor resistor logic (sprrRL) and saturated drift tran- 
sistor diode logic (spTpL) requiring approximately 50 
to 150 nanoseconds delay per decision. ppt. circuits 
replace only selected cards in the cpu to decrease the 
time required to execute specific logical functions. The 
following simplified example illustrates the manner in 
which this is accomplished: 


To obtain an output at P, simultaneous inputs to block 
Y are required. Assume that the circuit delays in path 
2 are three times longer than the delays required in 
path 1. Pin a on block Y is conditioned three times 
sooner than pin b. 

The circuit delay in path 2 can be eee without 
changing the logical functions that blocks 3 through 
9 perform by using faster circuits. If blocks 3 through 
9 were replaced with circuits three times faster, the 
delay in path 2 would be decreased by two-thirds. The 
new circuit in path 2 makes the output at pin P avail- 
able in one-third the original time. 


DDTL circuits use B levels (+B = +6 volts; —B =0 © 


volts ). High speed converter circuits transform S levels 
used in SDTRL and spTDL circuits to B levels or B levels 
to S levels. The DDTL Component Circuits CE Man- 
ual of Instruction (R23-2618) describes diffused diode 
transistor logic in detail. 


Priority Processing Feature 


The priority feature is an interrupt system that pro- 


vides an automatic branch to a fixed memory location 
(00101) when a channel or an 1-0 device indicates cer- 
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as 


tain conditions, These conditions set indicators to allow 
the cpu to determine the specific cause of the interrup- 
tion. 1-o devices can automatically interrupt the main 
routine either with a request for service or by indicat- 
ing that certain conditions exist in the 1-o operation. 
Priority processing provides increased efficiency in 


the use of system units. Virtually all waiting can be. 


eliminated when transferring data from cpu to an out- 
put device or from an input device to cpu. The priority 
feature allows cru to continue processing until the 1-0 
device completes an operation. The channel (or the 1-0 
device) signals the cpu when the 1-0 operation ends or 
certain conditions occur, allowing the cru to begin 
another operation (or to continue the present opera- 
tion) on that channel as soon as the main routine can 
be interrupted. The cpu need not interrogate indicators 
repetitively to determine when the operation ends. 

An interrupt transfers system control from the main 
routine to a priority routine. With the priority feature, 
_ the cpu can process two independent programs; one 
program is being executed while the other program is 
waiting for an I-o operation to end. 

The following conditions are necessary to effect an 
interruption: | 

1. The instruction in the main routine to be inter- 
rupted must meet the requirements of interruptible 
instructions. 

2, The cpu must be operating in the priority alert 
mode. 

3. The cpu must receive an interrupt request signal. 


Interruptible Instructions 

The actual interruption of the main routine program 
occurs during instruction read out at I-ring 6 time. An 
operation is defined as a two-address op code if no B- 
channel word mark is detected at I-ring 6 time. Con- 
sequently, chained instructions cannot be interrupted. 
Neither the store address register instruction nor 1-0 in- 
structions can be interrupted. Figure 55 shows the 
instructions that can be interrupted and the number of 
characters that these instructions must contain. 


Priority Alert Mode 
Installation of the priority feature does not require 
that the cpu be subject to interruptions by 1-0 devices 
at all times; the cpu can operate in either priority alert 
mode or normal mode. In normal mode, no interrup- 
tions can occur. In priority alert mode, interruptions 
are permitted. 

The cpu can enter the priority alert mode, allowing 
program interruptions, only when the y(1)E instruc- 
tion is executed. The y(1)£ instruction causes the cpu 
to branch unconditionally to the storage location 
designated by the I-address in the instruction and to 
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_| Load (lO Operation) 


Operation 


Zero and Add 
Zero and Subtract 

Add | 

Subtract 

Multiply 

Divide 

Move Characters and Edit 

Move Characters and Suppress Zones 
Compare 

Clear Storage and Branch 

Set Word Mark 

Clear Word Mark 

Branch if Bit Equal 

Branch on Word Mark or Zone Equal 
Move Data 

Branch if Character Equal - 

Table Lookup 

Test and Branch 

Branch if lO Chan Status Ind On (Ch 1) 
Branch ff 1-O Chan Status Ind On (Ch 2) 
Parity Test Branch 

No. Operation 

Move (l-O Operation) - 


ell 
= 


~NOANMZROQYP —-+ 


OO ee ee ee ee ee ee 


~ ~ = ~ = ba) = -= iS = = ~ ~ ~ ~ 


—$ DAA AAA RA RA A AAA AA A &@ 


Store Address a Naas 
Halt 

Unit Control 

Control Carriage 
Stacker Select Feed _ 


A nC: 


Figure 55. Interruptible and Non-Interruptible | 
je daa Codes 


operate in the priority alert mode. When the crv is in 
the priority alert mode, the priority alert mode indi- 
cator on the 18M 1415 console turns on. 

Priority alert mode is reset, returning the cru to 

normal mode when either: — 

1. An 1-0 device interrupts the main routine; or, 

2. The y(1)x instruction (branch unconditionally 
and exit from priority alert mode) is executed. _ 
After each program interrupt, the cpu must perform 
the y(1)£ instruction to return to priority alert mode. 


Interrupt Request 


Each channel can have six priority request indicators: 

overlap, 1-0 unit, inquiry, outquiry, seek, and attention. 
Interrupt conditions occurring in a channel or 1-0 unit 
are signalled by turning on a particular priority request 
indicator. When the cru recognizes the request of a 
priority request indicator the priority alert mode is 


reset, and an unconditional branch to sforae loca- 


tion 00101 is executed. 

Interrupt requests occur on a real time basis, There- 
fore, a priority request may occur after I-ring 6 time 
in instruction read out of an interruptible instruction. 
Because the priority request sets the corresponding 
priority request indicator, the interrupt will occur dur- 
ing instruction read out of the next interruptible in- 


struction in all other cases except when an overlap- 


ce : — 
Non-Interruptible 
Length 


a 


fs 


MO oS 


) 


) 


priority request occurs too late (after I-ring 6 time in 


instruction read out of an interruptible instruction) | 


to cause an interrupt, and the next instruction is a 


branch if 1-o status indicator on, the overlap priority 
request indicator set previously is reset, and no in- 
terruption occurs. The resetting of the overlap priority — 


request indicator under these circumstances is a 


normal function of the branch if 1-0 status indicator 


on instruction. 
Figure 56 shows priority request indicators and the 
conditions to set and reset the indicators. 


OVERLAP PRIORITY REQUEST INDICATOR 


The channel 1 or channel 2 overlap priority request 
indicator is turned on at the completion of an over- 
lapped read, write or write check operation on that 
channel. The indicator can also be turned on by per- 


forming..a seek operation in overlap mode (7631/_— 


1301 ). In this case, the indicator turns on at the com- 


pletion of the address transfer to the 1mm 7631 File 
Control prior to the actual movement of the access 


mechanism. | | 
The priority test and branch instructions, y(1)1 


(channel 1) and y(1)2 (channel 2) are used to deter- — 


mine the status of the overlap priority request indicators 
on the respective channels. Execution of the R(1)d 
(channel 1) or x(1)d (channel 2) instruction resets the 
corresponding overlap priority request indicator. 


I-O UNIT PRIORITY REQUEST INDICATOR 


Two priority select switches on the 1M 1415 Console 
and the 1-0 devices that the switches select control 
the channel 1 and channel 2 1-0 unit priority request 
indicators. One priority select switch represents chan- 
nel 1 operation; one switch represents channel 2 op- 
eration. Each switch has five positions: OFF, CARD 
READER, CARD PUNCH, PRINTER, AND PAPER TAPE READER. 
A double position priority select key on the 1m 1415 


_ Console controls each priority select switch. When a> 


priority select key is in the off position, the corre- 
sponding priority select switch is ineffective; when a 
key is set on, the 1-0 device selected on the correspond- 


ing switch is permitted to set the 1-o unit priority re- 


quest indicator. When a priority select key is initially 


set to the on position, the 1-o unit priority request 


indicator turns on automatically, regardless of either 
priority select switch setting. This automatic turn on 
of the 1-0 unit priority request indicator allows the cru 


to initially enter the interrupt routine. Succeeding 


interruptions that the 1-o unit priority request indicator 
cause are authentic indications that the selected 1-o 
device requests service or signals a certain condition 
in the 1-0 operation. ; 

If the priority select switch for channel 1 is selecting 
CARD READER, the 1-0 unit priority request indicator for 


channel 1 is set each time that the card reader com- 


_pletes a read operation. 


Execution of the y(1)u (channel.1) or y(1)F (chan- 
nel 2) instruction causes the cpu to test and reset the 
corresponding 1-o unit priority request indicator. 

The card reader, card punch, and printer can initiate 
an interrupt by setting either the overlap or 1-o unit 


priority request indicators. 


INQUIRY REQUEST INDICATOR 


The channel 1 or channel 2 inquiry request indicator 
is set when one of the following conditions occur: 

1. The inquiry request key on the 1BM 1415 Console 
(for channel 1 only) is pressed. | 

2. Any other serial input buffer in the 1sm 1414, 
Model 4 or 5, Input/Output Synchronizer except the 
paper tape reader is loaded with 80 characters or re- 


_ceives an end of message character. 


3. An error occurs in transmission oak: an input 
TELE-PROCESSING® unit to the 1414, Model 4 or 5, input 
buffer. 


Pressing the release key on the console resets the in- 


quiry request indicator if the inquiry request key 
caused the inquiry request status. If a teleprocessing 
unit(s) produced the inquiry request status, the in- 
quiry request indicator is automatically reset when 
all inquiry requests are serviced by a proper read 


operation directed to the unit(s) in inquiry request 


status. 

Inquiry request interrupts caused by the easel and 
teleprocessing buffers can be differentiated by issuing 
an I-O NOP instruction to the console. If the inquiry 
request was not caused by the console, the no transfer 
indicator is set; if the inquiry request was caused by 
the console, the no transfer indicator is not set. 


OUTQUIRY REQUEST INDICATOR 


The outquiry request indicator for channel 1 or channel 
2 is set: 
1. When eighty characters have been. processed out 


of an output optional buffer in the 1414, Model 4 or 5, 


or the last character in the message has been trans- 
mitted to a Tele-Processing unit. 
2. When an error occurs in transmission from an 


optional buffer in the 1414, Model 4 or 5, to an output — 


device. 

Execution of the y (1) N (channel 1) or y (1) = 
(channel 2) instruction tests and resets the outquiry 
request indicator. 


SEEK PRIORITY REQUEST INDICATOR 


~ When any access mechanism on the channel is in seek 


complete status, the seek priority request indicator for 
channel 1 or channel 2 is set. The y (1) s (channel 1) 
or y (1) T (channel 2) instruction is used to test the 


Special Features 101 


Sm gf 


Y()1_ BOPRI 
Overlap Priority 
Request 


~ 


2 
x 


Y(I)2_ BOPR2 


Overlap Priority 
Request 


Y(I)U BUPRI 


l-O Unit Priority 
Request 


Y(N)F BUPR2 
I-O Unit Priority 
Request 


Y(I))Q_BIPRI 
Inquiry Priority 
Request 


if 


* 
1. Turned on by mal : BIPR2 
Y(I)E instruction Inquiry Priority 
BEPA - Request 
Priority : 
Alert Mode 
Indicator 
Y()N BQPRI 
BXPA Outquiry Priority © 


2. Turned off by Request 
Y(l)X instruction 
and interrupt 
Y(I)+_BQPR2 
Outquiry Priority 
Request 


signal 


Y()S_BSPRI 
- Seek Priority 
Request 


. ( 


Y(I)T_BSPR2 
Seek Priority 
Request 


Y(I)A_BXPRI 


Attention Priority 
Request 


YC)B BXPR2 


Attention Priority 
Request 


+ Trademark of Teletype Corporation 


_ Figure 56. Priority Request Indicators 
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camel 
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NO 


— 
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Turned on at completion of any overlapped read, 
write, or write check operation on that channel. 
Also turned on if a seek operation is performed in 
overlap mode. (1301) 


Turned off by R(I)d instruction for channel 1, X(I)d 


- instruction for channel 2. 


Turned on by the following: 
Off 
, ae Card reader: card reading finished 


*——~ Card Punch: card punching finished 


e— Printer: printer operation finished 
*— Paper tape reader: 


Full buffer 
\ End of record 


\ ry 
\ —-—— Priority select on-off key 


Turned off by Y(INU instruction for channel 1, 
Y(I)F instruction for channel 2. . 


Turned on by: 
a. Console inquiry request key. (Channel 1 only) 
b. Completion of data transfer toa 1414 model 4 or 5 
serial input buffer from an unsolicited input device 
_ (Teletype+, 1009 and 1014) | 
c. EOR-1009 and misread message (TTY). 


Automatically turned off when all inquiry requests are 
serviced by a read instruction directed to the causing 
unit. The release key (1415 Console) resets inquiry 
request status produced by the inquiry request key. 


. _ Turned on by: completion of a data transfer from 


a 1414 model 4 or 5 serial output buffer. 


Turned off by Y(I)N instruction on channel 1, Y (1+ 
instruction for channel 2. 


Turned on when any access mechanism is in a seek 
complete status on that channel. 


Turned off automatically when the seek complete 


status of all access mechanisms has been reset off. 


Seek complete status reset off by directing a read, 
write, or <Q NOP instruction to the causing unit. 


Turned on by an attention signal from the device 
attached to the control adapter. 


Turned off by Y(I)A instruction for channel 1, 
Y(I)B instruction for channel 2. Temporarily 
reset (if on) by program or computer reset, but 
will be turned on again at the next instruction | 
read-out. 


errs 


ios 


fe 


seek priority indicator. A read, write, or 1-O NoP in- 
struction directed to the unit or units in seek complete 
status resets the seek complete status, causing the seek 


' priority request indicator to turn off. 


ATTENTION PRIORITY REQUEST INDICATOR 


An attention signal from any device attached to the 


channel control adapter sets the channel 1 or channel 


2 attention priority request indicator. Execution of the 
Y (1) A (channel 1) or y (1) B (channel 2) instruction 
tests and resets the corresponding indicator. 


Programming 


When an interrupt occurs, the cpu branches uncondi- 
tionally to storage location 00101. When the priority 


routine is complete, program control must be returned 


to the interrupted instruction in the main routine. The 
store B-address register instruction (G ccccc B) should 
be the first instruction in the interrupt routine so that 
the address of the interrupted instruction in the main 


routine is retained. Because the interrupt occurred at . 
~ I-ring 6 time, the contents of the BAR after the uncondi- 


tional branch to storage position 00101 is 6 plus the 
address of the op code in the interrupted instruction. 
One method of returning to the storage location con- 
taining the op code of the interrupted instruction is: 

1. To use the C-address in the store B-address regis- 
ter instruction (G cccec B) to designate the I- address 


eeeee 


2. Index the unconditional branch reunion at the 
end of the interrupt routine by —6. 

The priority routine must save the reading of the 
arithmetic condition latches (arithmetic overflow, di- 
vide overflow, zero balance, compare high, compare 
low, and compare equal latches ) if they are used in the 
priority routine. The priority routine must also deter- 
mine the cause of the interruption. | 

The following program demonstrates a program in- 
terrupt. The main routine is a single add instruction 
that repetitively adds 1 to the B-field. The priority rou- 
tine prints a line by interrupting the main routine. The 
priority select oN/orr key on the console is set in the 
PRINTER position, and the priority select key, also on the 
console, is in the on position. 


MAIN ROUTINE 


00001 Y 00008 E Turn on priority alert 
00008 A 01000 02010 Add 1 to B-field 
00018 J 00008 b Repeat the addition 
- INTERRUPT ROUTINE 
00101 G 00137 B Store contents of BAR 
00108 M 720 02000 W Print a line 
00118 R 00125 # Interlock 
00125 Y 00132 U 
00132 Y 000 #0E Turn on priority alert and 


branch back to main routine 


CONSTANTS 
= ; 
01000 1 A-field 


02000 6000000000 B-field - 
02132 = : _ Group mark-word mark 
00025 bbbbO Index register 1 ( —6) 


The program starts at storage position 00001. The 
Y(00008)E instruction causes the cpu to set the pri- 
ority alert mode latch (Systems page 19.10.07). The 
cpu then executes the add instruction. The uncon- 
ditional branch instruction, J(00008)b, causes the cpu 
to repetitively perform the add instruction until the 
first interrupt is requested. 


When the priority select key on the console is set 
in the on position, the first interrupt occurs. With the 
priority switch latch on, the next console clock 3 
pulse sets the 1-o unit priority request latch (Systems 
page 19.10.06). The 1-o unit interrupt latch allows 
logic gate E of I-ring op time to set the delayed in- 
terrupt latch. 


In the program example, only the add and uncon- 
ditional branch instructions can be interrupted. With 
E-channel not in process, “selected 1-o unit interrupt 
condition” is brought up, conditioning “interrupt re- 
quest.” “Interrupt request” conditions “start interrupt” 
at I-ring 6 time in instruction read out of the add 
or unconditional branch instruction (Systems page 


19.10.03). 


“Start interrupt” allows logic gate E of I-ring 6 to 
turn on the interrupt branch latch (Systems page 


19.10.02). The sequence then follows a_ standard 


branch. The I-ring is reset, and a B-cycle follows to 
set the contents of the 1AR into the Bar. At the end of 
the B-cycle, the fixed address 00101 is generated and 
set directly into star, allowing I-ring op time to begin 
the priority routine. 

The Y(00132)U instruction resets the interrupt re- 


quest latch to allow the program to return to the main 
routine. 


The G(00137)B instruction stores the contents of 
the Bar (00014 in this example) at location 00137. The 
print and r(1)=¢ instructions follow. 


The Y(000==0)E instruction has now been chaneed < 


to Y(000/4)E. The record mark (A-, 8-, and 2-bits ) 
was changed to a slash (C-, A-, and 1-bits) by the G 
op code at 00101. When the Y(000/4)E is executed, 
the branch is to 00008 because the A-bit in the tens 
position indexes the address by —6 (index register 1). 


The add routine is repeated until the fall of busy 
from the printer causes another interrupt. The entire 
cycle then continues indefinitely. 


Figures 57, 58, and 59 show cpu circuit seit 
and timings in an interrupt operation. 
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Figure 57. Interrupt Data Flow 


Program Addressable (Real Time) Clock 


The program addressable clock for the 1mm 1410 Data 
Processing System provides a method of establishing 
an accurate log of system usage time. Under stored 
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program control, the immediate time registered by the 
clock can be obtained for recording or processing. 
(ALD’s refer to the program addressable clock as the 
real time clock.) 

The program addressable clock is located on the 1M 
1415 Console and is powered from a voltage source 
not affected by the normal power off controls of the 
1nM 1410 Data Processing System. Emergency power 
off, however, removes power from the clock. 

The clock indicates the time of day in continental 


(24 hours) notation to hundredths of an hour; for ex- 


ample, the time 3:26 pm is indicated as 15:43; 15 
represents the 15th hour of the day (3:00 pm); 43 
represents the fraction of the hour in hundredths past 
the 15th hour (43/100 is approximately equal to 
26/60). Although the clock advances once per minute, 
it counts in hundredths of an hour. The units position 
of the hundredths of an hour is expressed by the digit 
0, 2, 3, 5, 7, or 8 (Figure 60). 


Programming 


Read out of clock time is accomplished by the store 


address register instruction, G(c)T. Execution of the 
G(C)T instruction causes the cpu to place four digits 
representing clock time and a special identifier digit 
in core storage beginning at the location specified by 
the C-address. The five digits are stored right to left 


beginning at the units position of the hundredths of 


an hour. The identifier digit is stored to the left of 


the last time digit in the low order core storage posi- 


tion. Any zones or word marks in the core storage posi- 
tion in which time data are to be stored are not 
affected. | 

The clock advances once a minute; the real time 
clock busy signal, active for 345 + 115 milliseconds, 
prevents clock time from being stored during this in- 


terval. If the real time clock busy signal is active when 


the cpu executes the G(c)T instruction, five 9’s are read 
into core storage in the positions designated for time 
data, indicating that the clock is busy. The program 
must instruct the cpu to perform the operation again 
to obtain correct clock time. Program use of the clock 


should provide for the possibility that the real time 


clock busy signal will be active when clock time is re- 
quested, The c(c)T instruction should be followed by 
a branch if character equal instruction, B(1) (B)9. If the 
identifier position of the clock data contains a 9, the 
program branches to the I-address specified in the in- 
struction. The B-address is the core storage position in 
which the identifier digit is located (the C-address 
—4). If the real time clock busy signal is not active 
when the cru executes the G(c)T instruction, four time 
digits and a zero identifier digit are read from the clock 
and loaded in core storage. 
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Figure 58. CPU Timings in Interrupt Operation 
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Figure 60. Time Derivation Table 


If any position of the clock fails to read out when 
time data are requested and the clock is not busy, a 9 
is stored in the failing position and in positions to the 
left of the failing digit; for example, 99950 read into 
core storage as the result of the G(c)T instruction indi- 
cates that a failure occurred in the first hour position. 
When the cru executes the second branch if character 
equal instruction 460 milliseconds after the first test 
revealed that the clock was busy, correct clock data 
should be loaded in the specified area in core storage. 
If the second test also indicates that the clock is busy, 
a failure has occurred. 


Figures 61, 62, and 63 show cpu logic operation 
and timings when executing the G(c)T instruction. 


Procedures to Set and Adjust Clock 


Figure 64 shows an exploded view of the program 
addressable clock; refer to this figure for parts locations 
when making clock adjustments. 


SET TIME 


To set the clock, press each of the four clock levers on 
the console to advance the corresponding commutator 
disc until the correct numeric indication is reached. 
Operate the levers one at a time. The digit setting of 
each disc can be seen through the aperture above the 
lever. 


A commutator disc cannot be advanced when the 
cam unit holds down the disc lever. To advance the 
clock when this action occurs, press the adjacent lever 
to the right until the cam unit releases the lever. The 
low-order disc of the hundredths clock position (the 


disc at the extreme right) advances once every minute 
and must be set immediately after advancing. 


FEED AND DETENT PAWLS ADJUSTMENT 


If the clock fails to advance properly: 


1. Remove the power plug to stop the clock motor 
immediately after the clock drive lever drops off of the 
high dwell of the cam. 


2. Rotate the commutator disc backward until it is 
against the detent. 


3. Check for 0.005 inch to 0.025 inch clearance be- 
tween the detent pawl face and the adjusting stud 
(Figure 65). 

4, Position the adjusting stud to obtain the clearance 
specified in step 3. | 


5. Check all commutator teeth. 


BUSY SWITCH ADJUSTMENT 


The duration of the busy signal is established by the 
difference in length of the long and short cam follower 
levers. The busy switch adjustment only assures reliable 
operation of the switch. The point at which the switch 
transfers defines the beginning of the busy signal. 

1. Immediately after the short cam follower lever 
drops off the high dwell of the cam, remove the power 
plug to stop the clock motor. 

2. Loosen the busy switch mounting screws. 

3. With a stiff wire, hold the short cam follower lever 
half the distance between the high and low dwells of 


the cam; move the busy switch so that its contacts 


transfer at midpoint. 

4. Tighten the mounting screws. 

5. Plug-in the clock power cord to allow the clock 
motor to run. When both the short and long cam fol- 
lower levers are on the high dwell of the cam, remove 
the clock power plug. | 

6. Check the movement of the busy switch actuating 
arm by inserting a 0.025 inch feeler gage between the 
roller and the arm. The arm should move at least 0.025 
inch before the switch contacts transfer. If the switch 
contacts transfer too soon, plug the power cord, and 
perform steps 1 through 5 again. 


7. Using a positive sync, scope point 11B2C24F to - 


determine the length of the busy signal. If the busy 
signal is not active between 230 and 460 milliseconds, 
recheck the busy switch adjustment. 


COMMUTATOR CONTACT TIMING ADJUSTMENT 


The clock advances when the busy signal is active. 
When advancing, the commutator brush breaks contact 


with one commutator segment and moves to a second 


commutator segment (Figure 66). In the process of 
moving, however, contact overlap occurs as the brush 
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makes contact with the second commutator segment 
before it breaks contact with the first commutator seg- 
ment (Figure 66c). The transfer is complete when the 
brush breaks contact with the first segment (Figure 
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Figure 65. Parts Location for Feed and Detent Paw! Adjustment 
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Figure 66. Clock Transfer 


66d). However, the busy signal does not drop when 
the transfer ends, To check the operation for the hun- 
dredths position: 


1, Turn on system power, and check to see that the : 


clock motor is running. | 

2. Syne scope at point 11B2C24F (+s rrc Busy) 
using a 50 millisecond division sweep; use external 
sync. 

3. Connect point 11B2C26F to ground through a 1K 
¥ watt resistor. 

4, Set preamplifier to 1 volt/division, and connect 


scope probe to point 11B2C26F (nrc gate A driver), 


The level should be approximately —7 volts, Because 
of contact overlap, voltage will drop to approximately 
—9 volts during the transfer and return to —7 volts 
when the transfer is complete, The transfer should be 
complete between 100 and 170 milliseconds after the 
busy signal begins. 

5. To adjust, loosen the motor block mounting 
screws and adjust the eccentric cam against the com- 
mutator plate to obtain the timing specified in step 4 
(Figure 67). 

6. Tighten the motor block mounting screws. 


_ Commutator Plate 


- Eccentric Cam 
~ Motor Block 


Figure 67. Parts Location for Commutator Contact Timing 
Adjustment 
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Appendix 


Answers to Questions on 1410 Instruction 
Formats and Decoding 

1. The instruction B 09000 08000 M can be divided 
into four parts: op code (B); A A-address (09000); B- 
address (08000); d-character (M). | 

2. Only instructions that control 1-o devices contain 
X-control fields. | 

3.. No, a 1410 instruction can contain an A-address 
‘or an I-address or an X-control field. 

4. A word mark must be set over the op code in the 
instruction. The storage position to the right of the 
last character in the instruction must also contain a 
word mark. 

5. The I-ring indicates the instruction character bé- 
ing processed from storage during instruction phase. 

6. Common op code grouping lines are conditioned 
during instruction phase. 


Answers to Questions on Add and Subtract Operations 


1. When the add instruction specifies only one ad- 
dress, the contents of the A-field are doubled. 


2. No, other A-field characters are not processed | 


oe a B-channel word mark is sensed. 

3. The first B-cycle in the add or subtract aperalion 
is one logic gate longer than other B-cycles in the oper- 
tion to allow sufficient time to analyze A- and B-field 
_ signs and set up true or complement add controls. 

4, When the sum in an add operation (or the re- 
mainder in a subtract operation) is zero, the zero 
balance indicator turns on. 

5. When the A-field word mark is detected before 
the B-field word mark is sensed in a true add scan, the 
extension latch is set, and a series of B-cycles are ex- 
ecuted until the operation is complete (B-field word 
mark). Remaining characters in the B-field are com- 
bined with zeros. 

6. When the add or subtract instruction specifies A- 
and B-addresses, the result of the operation is stored 
in the B-field. 


Answers to Questions on Zero ane se and Zero aaa 
Subtract Operations 


1. If the sign of the A-field is positive in a zero and 
subtract operation, the sign of the result field is nega- 
tive. 

2. In the zero and add operation, the sign of the 
result field is the same as the sign of the A-field. In the 
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zero and subtract operation, the sign of the result field 


is opposite the sign of the A-field. _ 


3. After the zero and add or zero and subtract oper- 
ation, only the units position of the result field contains 
zone bits. The zone bits in the units position of the 
result field are the sign of the field. 

4. The zero and add or zero and subtract operation 
ends when a B-channel word mark is sensed. 

5. When the zero and add or zero and subtract in- 
struction specifies only an A-address, the result is stored 
in the A-field. 

6. If the A-field contains all zeros, the zero balance 
indicator turns on. 


Answers to Questions on Multiply Operation 


1. Multiplier digits 5, 6, 7, 8, and 9 cause comple- 


ment add scans; multiplier digits 1, 2, 3, and 4 cause _ 


true add scans. 

2. When the multiplier contains three digits and the 
multiplicand contains five digits, the product field 
should have nine positions (multiplier digits + multi- 
plicand digits + 1). 

3. The multiply operation ends when a 0 with a 
word mark is sensed in the multiplier. 


4, No, the cpu does not move the multiplier to the | 
product field when executing a multiply instruction. © 


The multiplier must be moved to the high-order prod- 
uct field positions before the multiply. oer 
begins. : 
5. When the multiplier is 99: : 
a. One complement add scan is required in the 
multiply operation. 
pb. One true add scan is required in the multiply 
operation. 
6. When the multiplier is S98: 
a. Four complement add scans are required in the 
multiply operation. 
b. Four true add scans are required in the multi- 
ply operation. 3 


Answers to Questions on Divide Operation 


1. The divide overflow latch is set when an adder 
carry is detected while the Mg and complement latches 
are set. 

2. a. A correction scan is necessary to restore the 

dividend to its value preceding the unsuccess- 
ful subtraction. 


b. The cpu recognizes an unsuccessful reduction 
when the complement addition performed with 
the extension and complement latches set pro- 
duces no carry. | 

3. D-cycles are taken after all other correction scans 
except the last correction scan in the divide operation. 

4. The multiply divide last latch is set on the first 
B-cycle of the last correction scan in the divide opera- 
tion (when character containing dividend sign is de- 
tected on the B-channel). 

5. The car and par are used on the first A- and 


B-cycles, respectively, in each complement add and 


correction scan (when the units latch is set). The par 
is also used on D-cycles. 

6. The cpu sets the quotient sign on a special B- 
cycle taken when the last correction scan in the divide 
operation is complete. On the special B-cycle, the units 
position quotient digit is read out of storage and com- 
bined with the correct quotient sign. The sign and the 


digit are gated to storage. 


Answers to Questions on Move Data Operations 


1. A-field characters are moved to the B-field. 
2. The move data operation does not alter data in 


the A-field. Characters in the A-field before the opera- 


tion are in the A-field when the move data operation 
is ee : 

3. D(A)(B)d D(A) 

4, = cpu executes an A-cycle first. 

5. a. The 8-, A-, and B-bit positions in the d-char- 
acter establish the conditions to terminate the 
move data operation. 

b. The 8-bit position in the d-character deter- 
mines whether data are moved from left to 
right or from right to left. 

c. The 1-, 2-,and 4-bit positions in the d-character 
determine the portion of the A-field character 
transferred to the B-field. 

6. The second scan control latch is set when the d- 

character contains an 8-bit. 


Raswer to Questions on Move Characters and 
Suppress Zeros Operation 


1. A-field characters are transferred to the B-field, 


and zeros and commas to the left of the first significant 


digit are replaced with blanks. 

2. Zone bits in the units A-field position are not 
transferred to the B-field. 

3. During the last B-cycle of the first scan, the BAR 
was modified by —1. Therefore, when the first scan 
ends and the second scan begins, the Bar addresses 
the character to the left of the desired B-field position. 
A skid cycle is executed to read the addressed char- 
acter out of storage and return the character to its 


oe 
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memory location unchanged. The Bar is modified by 
+1 during the skid cycle so that the desired high-order 
B-field character is addressed. 

4. When a significant digit is sensed during the 
second scan, the zero suppress latch is reset. If a char- 
acter that is not a significant digit, comma, 0, decimal, 
blank, or minus sign is detected after the zero suppress 
latch is reset, the zero suppress latch is set again. 

5. The first scan ends and the second scan begins 
when an A-field word mark is sensed. | 

6. After the move characters and suppress ‘zeros 
operation, the A-field contains ‘0061 and the B-field 


contains .bb61. 


Answers to Questions on Edit Operation 


1. The mg latch can be set two times during an edit 
operation requiring three scans, one time during an 
edit operation requiring two scans. 

2. If the zero suppress latch is not set during the first 
scan, indicating that the control word contains no 
zeros, the operation ends when the first scan is com- 
plete. The edit operation ends when the second scan 
is complete if the floating dollar latch was not set dur- 
ing the first scan and either: 

a. The decimal control latch or the zero suppress 
latch is reset when the second scan ends, or 

b. The last character processed during the second 

scan is a significant digit. 3 

3. Yes, the cpu will initiate a third scan because the 
zero suppress latch and the decimal control latch will 
be set when the second scan ends, and the last char- 
acter to be processed, in the second scan is “not a 
significant digit. ¥ 

4, No, the cru takes A- and B-cycles during the first 
scan, and B-cycles exclusively during the second and 
third scans. 

5. B-field characters read during the first scan while 
the extension latch is set are in the status portion of 
the control word. , | 

6. The A-field should not contain more positions 
than the number of blanks and zeros in the body of 
the control word. 


Answers to Questions on Compare Operation 


1. No, the comparisons do not alter data in either the 
A- or B-field. | 

2. The compare operation ends when either an A- 
or B-field word mark is sensed. 

3. If the B-field is longer than the A-field, the com- 
pare high latch is set, designating the B-field as the 
greater of the two fields, regardless of their values. 

4. If the A-field is longer than the B-field, only A- 
field characters read out before the B-field word mark 
is sensed are compared to B-field characters. The com- 
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pare latch set at the end of the operation, indicating 


the result of the B-field to A-field comparison, is deter- 
mined by actual comparisons made (i.e. was the B- 
field greater than, equal to, or less than the part of 
the A-field read out before the B. ‘field word mark was 
a. | 


the A and B-channel chardsterl Rompueds on the first | 


B-cycle are equal. The on state of the units latch 
identifies the first B-cycle. 
6. The A-field is greater than the B-field. 


- Answers to Table Lookup Operation | 

1. The table lookup operation ends when the con- 
dition that the d-character specifies is satisfied or 
when the end of the table is sensed. , 

2, The cpu compares a search argument to table 
arguments to locate the desired function. 

3. The Bar contains 12322 when the operation is 
complete. 

4. No, the table lookup operation does not alter 
storage data. | 

5. The cpu performs successive B-cycles to. bypass 
table functions. 

6. The A-field contains the sekrch erglirene 


rere to Questions on Branch Operations 

1. An unconditional branch instruction causes the 
cpu to perform a branch operation as a direct result of 
the execution of the branch instruction. A conditional 
branch instruction causes the cpu to perform a branch 
operation only when the conditon that the instruction 
specifies is met. 

2, The I-address in a branch instruction is stored 
in the aar during instruction read out. 

3..A successful branch operation is completed dur- 
ing the subsequent instruction read-out cycle when the 
AAR (containing the branch I-field) sets star. 

4, If the branch if 1-o channel status indicator on 
instruction is executed while the machine is perform- 
ing an 1-o overlap operation, the machine interlocks 
until the overlapped function is complete. 

5. The only branch instructions that can be chained 
are: branch if bit equal, branch if character equal, and 
branch on word mark or zone equal. | 

6. When a chained branch instruction specifies 
only the op code, the contents of the aak, BAR and op 
modifier register from the previous operation designate 
the I-address, B-address, and the d-character, re- 
spectively. 


Answers to Questions on Store Address. 
Register Operation : 

1, The C-address in the store address register in- 
struction is the address of the units position of the C- 
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field, the location in which the units position of the 


designated address register is stored. 

2. The d-character in the store address register in- 
struction designates the address register whose con- 
tents are to be stored. 

3. Contents of the AAR, BAR, EAR, and FAR can be 
stored in store address register operations. 

4, C-field word marks have no effect on the store 


_ address register operation. 


5. The store address register operation ends at A- 
ring 6 time after ten thousands position of. the 
selected address register is stored. 

6. The character in the units position of the Sienied 
address register is stored at A-ring 2 time. 


Answers to Questions on Set Word Marks Operation 


1. The set word marks instruction causes the cru 
to store word marks in designated core storage loca- 
tions. 

2. Execution of the set word marks instruction does 
not alter any core storage character. 

3. If the set word marks instruction contains only 
one address, the same address is set in the AAR and the 
BAR, causing a word mark to be set twice in the same 
location. | 

4, When a word mark is added to a character, a 
check bit is added or removed to maintain parity. 


Answers to Questions on Clear Word Marks Operation 


1. The clear word marks instruction causes the cpu 
to strip word marks in designated core SOEAES loca- 
tions. : 

2. Execution of the clear word marks instruction 
does not alter any core storage character. 

_ 3. If the clear word marks instruction contains only 
one address, the word mark is stripped twice from 
the same location. 

4, When a word mark is siipwel from a character, 
a check bit is added or removed to maintain parity. 


Answers to Questions on Clear Storage Operation 


1. If the B-address in the clear storage instruction is 
09050, the clear storage operation clears 51 storage 
positions. 

2. If the clear storage instruction does not contain 
a B-address, the:aar is not loaded during instruction 
read out. 

3. If the clear storage instruction contains a B- 
address, the B-address is loaded in the aar and the 
BAR during instruction read out. However, during 
execute phase of the clear storage operation, the AAR 
is not used, and contains the original B-address when 
the clear storage operation ends. 


4. The minus one condition on at logic gate D time, 
indicating a borrow one from the hundreds position, 
defines the even hundreds position; the even hundreds 
latch is set, and the clear storage operation ends. 


Answers to Questions on Clear Storage and 


Branch Operation 


1. The clear storage and branch operation causes 
the cpu to branch to the specified I-address when 


"storage positions through the nearest hundreds address 


have been cleared. 

2. The I-address is loaded in the aar during instruc- 
tion read out. 

3. The clear storage and branch operation causes 
an unconditional branch. | 

-4, Completion of the branch operation is accom- 
plished during the subsequent instruction read-out 
operation. 


Answers to Questions on Halt Operation 


1. When system operation resumes after the logic © 


clock stops, the next sequential instruction is executed. 
2. A word mark must be present in the storage loca- 
tion immediately to the right of the halt op code to 
distinguish the halt instruction from the halt and 
branch instruction during instruction read out. 
3. The stop print-out operation begins when the 
logic clock stops if: 


a. The print control switch is not set to inhibit, 
and . 
b. The mode switch is not in the display or alter 
- position. 
_4, No, the logic clock does not start automatically 
when the print-out operation ends. 


Answers to Questions on Halt and Branch Operation 


1. When system operation resumes after the logic 
clock stops, the cpu executes the instruction that the 
I-address in the halt and branch instruction designates. 

2. The branch to aap latch is set, initiating the 
branch operation, at the end of instruction read out. 

3. If the start key is pressed before the stop print 
out operation ends, no action occurs until the print- 
out is complete. 

4. The branch operation that the halt and branch 
operation causes is an unconditional branch. 


Answers to Questions on No Operation Instruction 


1. When the N op code is set in the operation regis- 
ter ie I-op time, the I-ring does not advance. 
2. When the N op code is detected, other characters 
are “fe out of core storage and ignored until a B- 
channel word mark is detected. 
3. Because the add op code does not contain a word 
mark, the add instruction will not be executed. 
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INSTRUCTIONS 


LOGIC OPERATION 
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BI Address of the next 


truction 
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IAR 
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NSIB 
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NSI 
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NSIB Address of the next instruction in normal sequence after a branch has been taken 
LA ~The number of characters in the A-field 

LB The number of characters in the B-field 

LW __ The number of characters in the A- or B-field, whichever is shorter 
Ap __ The previous contents of the A-address register 

Bp The previous contents of the B-address register 
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a word mark must be set over the op-code in an instruction 


BI 


1 “ 


Ee 
me] 
t 


A-| 
A-1 


Ap 


me) 


> 
me) 


NSI 


2 


NSI 


Kl cell cl ead la 
i ao Gola 


A-| 


bbb00-1 
bbb00-1 


NSI 


NSI 


Bp 


Comments 


Causes a program branch to the storage location specified 
by l-address. 


Cause program branch to the storage location 
specified by the |-address when the condition 
designated by the d-character in the instruction 
is satisfied. If the condition designated by the 
d-character in the instruction is not satisfied, the 
system executes the next sequential instruction. 
Figures 34, 36 and 40 list special d-characters 
for the test and branch, branch if |-O channel 
status indicator on, and branch on word mark or 
zone equal instructions, respectively. 


CONDITIONAL BRANCH INSTRUCTIONS 


Causes the system to take C-cycles to store the contents of 
the AAR, BAR, EAR, or FAR as designated by the d-character | 


in the instruction. 


Sets word marks in storage locations designated by AAR and 
BAR (loaded in previous operation). 


Sets word marks in storage location designated by A-address 
in instruction. 


Sets word marks in storage locations designated by A- and 
B-address in instruction. 


Removes word marks in storage locations designated by AAR 
and BAR (loaded in previous operation). 


Removes word mark in storage location designated by A- 


address in instruction. 


Removes word marks in storage locations designated by A- 
and B-addresses in instruction. 


Clears data and word marks (right-to-left) from the core 
storage location specified by the BAR to, and including the 
nearest hundreds position. 


Clears data and word marks (right-to-left) from the core 
storage location specified by the BAR to, and including the 


nearest hundreds position and branches unconditionally to the 
location specified by the I-address in the instruction. 


Causes the system to stop. Pressing the start key starts the 
system with the next sequential instruction. 


~ Causes the system to stop. Pressing the start key starts the 
system with the instruction designated by the l-address 
in the instruction. 


The N operation code can be substitued for the operation 


code of any instruction to make that instruction ineffective. 
Instructions following the N operation code are skipped 
until a word mark in storage is detected. 


EE OO 


™ 
a 
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ARITHMETIC INSTRUCTIONS 


Instruction Type 


GENERAL DATA INSTRUCTIONS 


Instruction 


Subtract 


Zero and Add 


Zero and Subt 
Multiply 


Move Char 
and Suppress 


Zeros 


Table Lookup 


= 


Registers 


Acceptable 
Instruction Lengths 


Data Flow Chart 
Timing Chart 
Circuit Controls 


2-fields NSI 
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nnn 
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a 
oO 


; NSI 
67 68 67 


A~address of the instruction 

B-address of the instruction 

Address of the next sequential instruction 

Address of the next instruction if a branch is taken 

Address of the next instruction in normal sequence after a branch has been taken 
The number of characters in the A-field 

The number of characters in the B-field 

The number of characters in the A- or B-field, whichever is shorter 
The previous contents of the A-address register 

The previous contents of the B-address register 

A word mark must be set over the op-code in an instruction 


alc 
10 


After sald Comments 


~ BAR 


Algebraically adds numeric data in A-field to numeric data 
in B-field. Sum stored in B-field. 


Algebraically doubles numeric data in A-field. Sum stored 
‘in A-field. 


B-LB 


Algebraically subtracts numeric data in A-field from numeric 
data in B-field; difference stored in B-field. 


Algebraically subtracts numeric data in A-field from itself; 
difference is stored in A-field. 


a 
v 
> 
> 
1 
in 
fl 


B-LB Numeric data in A-field is stored in B-field. Sign of result 
field (B-field) is same as sign of A-field. 


A-LA A-LA Strips A-field of all other zones except in units (sign) position. 
Sign of A-field is unchanged. 


A-LW B-LB Numeric data in A-field is stored in B-field. Sign of results 
field (B-field) is opposite sign of A-field. 


r 
ca 
=. 


Strips A-field of all other zones except in units (sign) position. 
Sign of A-field is inverted. 


Repetitively adds numeric data in A-field (multiplicand) and 
stores result in B-field (product), starting with low-order 
positions. 


tens position Causes dividend (in B-field) to be divided by divisor (in A-field). 
of quotient | Quotient is stored in high-order B-field positions. 
field 


Moves data serially by character from A-field to B-field 
under control of the d-character. 


Moves A-field data to B-field. Insignificant zeros and commas 
are replaced with blanks; zone bits in units position of B-field 
are removed. A-field data is unchanged after the operation. 


A-LA B+] 


varies with 
result of 
edit 


- 


address of 


Edit control field (B-field) modifies the data field (A-field). 
Results stored in the B-field. 


Compares data in the B-field to A-field data (the comparison 
is always B to A). All other bits except C and WM-bits in 
each character are compared. 


Causes the system to search through a previously prepared table 
function at | in core storage and find the desired factor or the address of the 
immediate | desired factor. 
left of table | 
argument 

that stopped 
the operation 
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